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Abstract

A Multiple Model Adaptive Estimation (MMAE) algorithm is applied to the Variable Stability In-flight
Simulator Test Aircraft (VISTA) F-16 at a low dynamic pressure flight condition (0.4 Mach at 20000 fi). A
complete F-16 flight control system is modeled containing the longitudinal and lateral-directional axes. Single
and dual actuator and sensor failures are simulated including: complete actuator failures, partial actuator failures,
complcte sensor failures, increased sensor noise, sensor biases, dual complete actuator failures, dual complete
scasor failures, and combinations of actvator and sensor failures. Failure sccnarios are examined in both
mancuvenng and straight and level flight conditions. The system performance is characterized when excited
by purposcful commands and dither signals. Single scalar residual monitoring techniques are evaluated with
suggestions for improved performance. A Kalman filter is designed for each hypothesized failure condition.
In this thesis, thirteen elementai Kalman filters are designed encompassing: a no failure filter, lefl stabilator
failure filter, a right stabilator failure filter, a left flaperon failure filter, a right flaperon failure filter, a rudder
failure filter, a velocity sensor failure filter, an angle of attack sensor failure filter, a pitch rate sensor failure
filter, a normal acccleration scnsor failure filter, a roll rate sensor failure filter, a yaw rate sensor failure filter,
and a lateral acccleration sensor failure filter. The Bayesian Multiple Model Adaptive Estimator (MMAE)
algorithm blends the state estimates from each of the filters, representing a hypothesized failure, multiplied by
the filters computed probability. The blended state estimates are sent to the VISTA F-16 flight control system.
A hierarchical "moving bank" structure is utilized for multiple failure scenarios. Simultaneous dual failures are
included within the study. White Gaussian noise is included to simulate the effects of atmospheric disturbances,
and white Gaussian noise is added 1o the measurements to simulate the effects of sensor noise. Each elemental
Kalman filter is compared to the truth model with a selected failure. Filters with residuals that have mean

squarc values most in consonance with their intemally computed covariance are assigned the higher probabilities.

viii




APPENDIX A: ADDITIONAL RESULTS FOR FAILURES

This appendix contains the remainder of the multiple failure data not presented within Chapter 4. The data
is organized similar to Chapter 4. All of the data presented within this appendix is for hard actuator and sensor
failure combinations. Figures A.1 through A.6 present the remainder of the data, not presented in Chapter 4,
for the second subliminal dither signal. Figures A.7 through A.13 present data for a sinusoidal dither signal.
Figures A.14 through A .20 present data for a purposeful roll command. Figures A.21 through A.29 present data
for a purposeful roll and pull command. Figures A.30 through A.43 present data for a purposeful rudder kick
and hold. Preceding each of set of figures is a two page Fortran description of the command input. Note
scctions of the code are commented out depending on the signal implemented. This allows the reader to

evaluate the command signal's relative timing and magnitude.
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SUBROUTING COMMUID(PRC,FAC PIC.T)

——- Providas the vista flight control systes {CrreL.rok}
with the command signals for the longitudinal anis
{rec], the lateral command (FRC), and the directional
command [FPC). Additionally, sisuleties regults have
tndicated the need for & dither signal te “shake Wp*
the systes and aid the filters in their Ldentification
tasks.

INCLUDE 'DECLAIR. TXT’
REAL FSC,PAC,PPC,DON, T, 0B0gal ohegal, onegel

Dither signal generstion

—mOTE: if & control command is to be used,
1t must be added to the below
created dither signal.

e e e e s P e e e s
PULSED DITEER SIGNAL

X'((M.'..o.o).M.(M-l!.o.l)’))m
rsc = 13.5
AL = -1.9%
7PC » 24.0
zLS8 l'((M.".O.lZS)-lM.(M.l!.o.)s))m
rEC =-13.0
FAMC = 7.8
re «24.0
LS8
reC = 0.0
FAC = 0.0
e e 0.0
oo 17

PULSED DITRSESR SIGNAL

Dormamod(t,3.0)

IP((Don.ge.0.0).and. (Don.1t.0.125) ) THER
rc = 18.2
C e 7.0
e e« 22.0
KL8E l?((ben.qo.ﬁ.ll!).uad.(M.l!.o.is)ﬂl-
rC =-16.%
TwWe 0.0
C = 32.0
LS8
rasc =
PAC =
e =
oo 17

L X X -4
[- B -X-J

S$INUSOIDAL DITHEER SIGNAL
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7EC= §1.6%s{n(omegal®t)
IP(7EC.LY.0.0)P8Ce12.5%sin(omegal o)
FAOs -11.0%in{omegadst)
PCs 30.9%1in(omegalee)

“ v s e 4 e % s 4 s e & & e e s s

Ussk DEF1IEED DITHRIR

Oon=smod(t,3.0)

2100AL

17{(Don.ge.0.0).and. (Don.1¢.0.1) )THEN

BLSE 1F((Don.ge.0.1).and.(Don.1¢.0.12%) ) THER
VEC @ (-13.2/0.025)*(Don ~ 0.1) + 13.2
PAC = (-16.0/0.025)%(Don ~ 0.1) ¢ 6.2
FPC @ (-33.0/0.023)%(Doa ~ 0.1) + 5%.0
FLSE IF(({Don.ge.0.12%).and.(Don.1t.0.3))THER

rsC «-16.3%
IAC »-14.0
PC =-50.0
SLSZ 17((Don.ge.0.3).and. (
78C » (16.5/,0.02%)°(Don
PAC @ (14.0,0.025)°(Don
e = (50.0/0.02%)*(Don
ELSS
rsC « 0.0
P @ 0.0
r’mea=90.0
D Ir

PILOT PURDOSETVU

Pitch Path
IP{(t.07.2.95).and. (L. LY.
FAC=S . 0
TAC=20.0
roe—-40.0
ey

Roll Path
Yaw Path

Don.1t.0.323) )THEN
-90.)) - 16.9
- 0.3) - 140
- 0.3) - 50.0

L COMNRANDS

3.45) ) THEN
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SURBROUTIRE COMUID(PEC,PAC,TIC,T)

——— Provides the vists flight control systea [CNTRL.POR)
with the command signals for the longitudinal axis
(rec], the latesrsl command {PRC), and the directional
command (FPC]. Aditionally, simulstion results have
indicated the need for & dither signal to “shake wp*
the system and sid the filters in their fdeatification
taske.

INCLUDE ‘' DRCLARR . YXT’
REAL PEC,PAC,FPC,DOR, T, 0negal ,omegal, onegeld

AV

COMMND SIGKALS

Dither signal generatioa

—W0TE: L€ & contcel command is to be used,
it must be sdded to the below
created dither signal.

....... P T R T S S S S R S

PULSED DITEER S$1GNAL

WOR - SUBLIMINAL

« 4 e e e s D N A T

Donmagod(t,).0)

I7((Don.ge.0.0).and. (Don.1¢.0.12%) )THER
rec = 13.%
e = -9
rc e 4.0
SLSE IP((Don.ge.0.125}.and. (Don.1t.0.25) ) THEN
reC »-13.0
1 /I
e «-24.0
nas
reC = 0.0
= 0.0
rC = 0.9
oo IrF

PULSED DITNER BSIQEAL

Don=anod{t,).0)

IP((Doo.ge.0.0).and. (Don.1t.0.129) ) THER
rEC « 15.2
e e =10
mC e 22.0
ELSE 17{{Don.ge.0.12%).and. (Don.1t.0.2%))THER
73C «-16.9
e 8.0
C - 22.0
s
rscC = 0.0
PAC » 0.0
e e 8.0
&N P

SINVUSOIDAL DITHERR Sl1amAL

s s 2 % e % & s e e t s e 2 s % s s s s 4 s s s s s o«

FREQUENCY
omagal = 15.0

ocmngal = 13.0
onogeld = 15,0
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FO0» 11.0%in{onegal®t)
IP(POC.1L2.0.0)P80=12.3%sa (cmegal®y)
PACw -11.0%in{omegalse)
PPC= 10.0% in{omegadot)

VSER DEPFPINED DITERERR S1ORAL

Donmamod(t,).0)

IP({Don.ge.0.0).and.(Don.1t.0.1} ) THEN
rec « 15.2
PAC = 16.0
rPc - 33.0
Bl8E IF((Don.ge.0.1).and.{Don.1t.0.128) )T0EN
FSC » (-19.2/0.02%)*(Doa - 0.1) ¢ 18.2
A = (-16.0,0.025)°(Donr - 0.1) ¢ 16.0
¢ » (-55.0/0.025)¢(Doa - 0.1) + 58,0
ELSE IF{(Don.ge.0.125).and. (Don.1t.0.3) )TNEN
rec o-16.9
PAC o-34.0
e =%0.0
BL8S Ir((Don.ge.0.3).and.(Don.lt.
FEC = (16.5/0.025)¢(Don ~ 0.))
FAC & (14.0/0.025)°(Dons - 0.3)
¢ s (50.0,0.025)%(Doa - 6.3}
s
¢ = 0.0
PAC = 0.0
7C = 0.0
oo 1

-333) 11K
16.3
4.0
$0.e

LI -]

PILOT PURPOSERPUL CONNANDS

Pitch Path
IP((2.G7.2.95) .and, (£.LY.4.45) ) THEN
PACm13. 9
PAC=20.0
rPCe-40.0
[ i

Roll Path
Tav Path
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SUBROUPINE COMMAND(PEC, PAC,FIC,T)

—— Provides the vists flight comtrel systea (CONTRL.POR)
vith the command signals for the longitudinsl axis
{75C), the latersl cosmend (F3C], and the directional
cosmand (FPC). Additionally, simulstiea resulte heve
indicated the need for a dither signal te "shake wp*
the system and sid the filters ia their identification
tasks.

INCLUDE ' DECLARR.TET’
SEAL FEC,FAC,PPC,DON, T, omegal, omegal, omeqgal

AV

COMMAND 31GMNALS

Dither signal generstion
—N0TE: if & control command is to be used,
it must be added to the below
created dither signal

P R R ) PO ST PR S ]

PULSED DITHNER SIAGBAL

MO8 - SUBLIMINAL

...... o ¢ o & s s o s & st e 4 s s

Oopmancd(t,3.0)

17((Don.ge.0.0) .and. (Don.1t.0.125) )TNEN
rec = 13.3
PAC = -8
"ne = 24.0
ELSE IF({Don.ge.0.125).and.(Don.1¢.0.29))THEN
rsc »~13.0
=198
e =-24.0
LB
rEc = 0.0
= 0.0
mweca9.0
oo 1r

PULSED DITEER SIAUNAL

Donmamod (t,3.0)

1P((Don.ge.0.0).and. (Don.1¢.0.125) ) THEN
rsc = 15.2
AC = =20
rc = 22.0
E18E 1P((Don.ge.0.125).and.(Don.1t.0.25) ) THER
rec =~16.%
e §.0
e - 21.0
cLas
rsc = 0.0
A 0.0
e e 0.0
2o 1r

$ITRNUSOIDAL DITHEER SI0NAL

e ¢ % s e s s & e e % + % e € o e s 2 s e e ¢ v e«

A NAAOKNAAN DNANABDONNANANA N ANANANAANABANANHKANAONNR N

FREQUENCY
onegel = 18.0

omegal = 15.0
omegal = 15.0
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S1GMAL

FEC= 13.0%in(omegal®t)
IP(PEC.LY.0.0)P80=12.3 % in(0megal *t)
PACs -11.0%in(omegald®t)
790s 30.0%in(cmegadtt)

VSER DEPFINED DITHERER SIONAL

Donmamod(t,3.0)

Ir((Don.ge.0.0).and.{Don.1t.0.1) )THNEN
s = 18.2
N = 16.0
e e 33.0
EL8E I7{(Don.ge.0.1).and. (Don.1%.0.12%) )THES
P8C » (-19.2,0.02%)*(Doex - 0.1) ¢ 13.2
PAC @ (-16.0/0.02%)*(Doa - 0.1) ¢ 16.0
IC = (-35.0/0.029)*(Doa - 0.1) ¢ 55.0
BLSE IF{(Don.ge.0.125).and. (Don.1t.0.)))THEN
rsC =-16.9%
PAC =-14.0
rec «$%0.0
ELSE I7((Don.ge.0.3).and.(Don.1t.0.32%) )THEN
rEC = (16.3,0.035)¢%(Don - 0.3) - 16.9
PAC = (14.0/0.025)¢(Donn - 0.3) - 1¢.0
rFC = (30.0,0.02%)*(Don -~ 0.3) - 50.0
ELSE
reC @ 0.0
PAC = §.0
7C = 0.0
D 1P

T T N
PILOT PURPOSEPUL CONMNATYDS

I S T ) P T S T Y

Pitch Path
IP((t.07.2.95).and. (¢.LY.4.49%) )THEN
FAC=13.9
AC=20.0
rPCO=—40.0
onoIr

Roll Path
Yaw Path
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SUBROUTINE COMMAND(FEC, PAC,PPC,T)

—— Provides the vista flight control system {[CNTRL.POR)

o1

vith the command signals for the longitudinal axis
(78C), the lateral command {FRC]), and the ditectionsl
command (FPC). AMditicaslly, sisulstion results have
indicated the need for a dither signal te “shake wp®
the systea and aid the filters in their {dentificstion
tashs.

INCLUDE ’DECLARR. TXY
BEAL PRC,PAC,.PPC,DOR,T,caeqsl omegal,oneqal
SAVR

COMMAND SIGMALS

ther signal generation

—u0TE: if a control coumand is to be used,
it must be added to the below
crested dither signal.

L e . e e e .

PULSED DITNER SIONAL

WOl - SUBLIMINAL

e e s e 4 e s a4 x e e s P R )

Donmamodit,).0)

IP{({Don.ge.0.0) . .and. {(Don.1t.0.12%))THEN
7eC = 13.%
e e -19
rC = 24.0
ELSE 1F((Don.ge.0.125).and. (Don.1t.0.2%) )THEN
rec =-13.0
PAC = 7.9
PC »-24.0
LS8
rEC = 0.0
" =0.0
7C = 0.0
oD 17

PULSED DITHNERER SIORAL

Donmamod(t,3.0)

Ir{(Don.ge.0.0).and. (Don.1t.0.125) ) THER
rsc = 15.2
AC = -7.0
me « 22.0
ELSS IP((Don.ge.0.12%).and.(Don.1t.0.29) ) THEN
rEc =-16.3
e 3.0
we e 22.0

S$INUSOIDAL DITHEGRR $14MAL
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n

7EC= 12.0%in{omegal’t)
IP(FBC.LY.0.0)7rE0=12.3%sin{omegel *t)
A0= -13.0%in(onegel®t)
PPCa 30.0%ia(cmsgalst)

e o ® & + & 2 e & o & & 3 s s 2 2 ¥ @ e = v oe e s .0

UsSER DEFINED DITHEER SIGRAL

Donmamod(t,).0)

17{(Don.ge.0.0).and. (Don.1t.0.1) ) THEN
PEC » 15.2
PAC = 16.0
reC » 33.0
SLSE 1P((Don.ge.0.1).and. (Dom.1t.0.12%))THER
P8C = (-15.2/0.023)*(Don - 0.1) ¢ 15.2
PAC = (-16.0/0.025)%(Don - 0.1) + 16.0
PPC @ (-33.0/0.025)*(Don - 0.1) + 85.0
£1L.88 l'((M.'..O.IZS).md.(bon.l!.o.!))“
3¢ =—16.9
AC =-14.0
rPC =-50.0

ELSE Ii‘((M.'Q.OJ).M.(M.IQ.OJIS))“
PEC @ (16.9/0.023)°(Don ~ 0.3) - 16.9
PAC = (14.0/0.025)¢(Don ~ 0.3) - 14.0
PIC « (30.0/0.023)%(Don - 0.3) - 30.0
ss
rsc = 0.0
PAC » 0.0
e e90.0
oo 1r

PILOT PURPOSEPUL CONNANDS

Pitch Path

IP((¢.97.2.9%).and. (t.LY.3.18))THEN
rsc=13.3

PAC=20.0
PO=-40.0

sty

IP((T.97.3.19).and. (¢.17.4.55) )TUEN
750=13.9
PAC=10.9

a1y

oll Path

Yav Path
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A.24 Probabilities for a angle of attack sensor failure
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SUBROUTTER COMMMID(FEC,PAC,FIC,T)

C —— Provides the vists flight centrol systes [OFTRL.POR)
[ with the commend signals for the lemgitudinel axis
< {PBC), the laters]l command (FPC), aad the directienal
[ command (FPC). Additionally. simulation results have
< iadicated the need for a dither signal te “shake Wp°*
¢ the systea and aid the filters ia their identification
4 tashs.
INCLUDE ‘ DECLAMR.TXT’
REAL PEC,PAC,.PPC,DON,T,0megel,0tegal, onege)
SAVE
[ COMMAND SIGKALS
€ Dither signal mntla
[ —H#0TE: {f a control command is to be used
[ also, it must be added to the below
[ created dither signal.
L - S s 4 s e e 8 e s e e e e
€ ¢« v e e e h e e e e e e e e e e e e
Doomanocd(t,).0)
IF{(Dom.ge.0.0).and. (Don.1t.0.123))THEN
reC » 14.0
PC e -7.0
rC = 32,0
FILSS IV((Don.ge.0.12%).and. (Don.1¢.0.23) )THER
rc =-14.0
PAC = 0.0
e =-32.0
| 7
C = 0.0
T = 0.0
7wt e 0.0
oo 17
€ ittt s e e s e s e s e s a e e e e v os e
<
€
¢ sinusoidel input
e
omegal = 15.0
onegal = 15.0
omega) = 13.¢
[
¢ FEO= 12.0%in(omeqal®t)
[ IP(FEC.L2.0.0)PEC=12.%%sin(cnegal ®e)
€ PAOs -1]1.0%sin{cmegal’t)
[ PO= 30.0%sin(cmegal*t)
[4
[ IP((Don.ge.0.0).and. (Don.1t.0.1))THEN
(< 7EC = 18.2
c PAC = 16.0
[ ¢ = 95.0
[ 4 BLSR IP{(Don.ge.0.1).and.(Don.1¢.0.123))T0EN
4 7OC @ (~19.2/0.02%)%(Doms ~ 0.1) ¢ 18.3
4 PAC = {-16.0/0.023)¢(Dom - 0.1} ¢ 16.0
(4 7nC = (-55.00. OIS)'(M - 0.1) ¢ 8%.0
4 BLS% IP((Dom.ge.0.129).and. (Don.1t.0.3) )THEN
[ 4 ec =~16.9
¢ PAC =-14.0
(4 ”ne =9%.0
4 L ((Dul 90.0.3).and. (Dom.1¢.4.329) )TNEN
(3 78C = {16.3/9.023)%(Doa ~ 0.3) ~ 16.9
4 PAC & (14.0/9.023)%(Doa - §.9) - 14.0
(4 C » (30.0,0.029)°(Dea -~ 0.3) -~ 30.0
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APPENDIX B: VISTA F-16 SIMULATION
VERIFICATION RESUL TS

The VISTA F-16 simulation developed for this research effort was validated using the GENESIS simulation.
The GENESIS simulation resides in the Flight Dynamics Laboratory at Wright-Patterson AFB, OH. The
GENESIS simulation is a nonlinear six-degree-of-freedom simulation. The GENESIS code allows the user to
10 run a simulation using the non-linear aerodynamic model or an aercdynamic model linearlized about a trim
point. The code produces laser quality traces of any simulation variables. The code also allows the examination
of internal flight control system variables at any time in the simulation. The aerodynamic model used in the
thesis cffort was a model linearized about the trim point of 0.4 Mach, 20000 ft.

The flight control system was checked by applying the linearized aerodynamic data base from the GENESIS
simulation. After the open loop flight control system was checked out, the system was run in the closed loop
mode with the linearized aerodynamic data base. These plots are shown in Figures B.1 - B.17. For the 8
second time plots, the correlation is very good. Differences in the simulation are due o the comparison of a
lincar and nonlinear data base and the result of modeling the flight control system without the higher order
dynamics (above 40 rad/sec). Actuator models were checked separately by evaluating each of the models with
theoretical predictions and varying sample rates. The integration routine DEABM was evaluated with a
comparison of results from a fast-sampling simple Euler integration program. The test were conducted on the
4th order acutator models. The results verifed the integration routines and demonstrated that the rate limiting
functions were correctly modeled within the EOM subroutine (Figure B.1). Figure B.2 demonstrates the pitch
command used to evaluate the coded flight control system at the 0.8 Mach, 10000 ft test case (high dynamic
pressure case tested by Stratton [13). The command is a simple pitch pull and bold of 10 Ibs for a duration of
2 scconds. Figure B.3 demonstrates the results of the simulation as compared to the GENESIS nonlinear
simulation. The CNTRL subroutine, developed for this thesis, is the line which contains plotted data points.
From Figure B.3, the Mach or velocity data demonstrates a marginal match. Figure B.4 presents the normal
acceleration trace as a function of time. Comparision of the two plots yields small mismatches at 2.0 and 3.0

seconds. Figure B.5 presents the angle of attack as a function of time. Comparision of the data demonstrates
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excellent results. Figure B.6 displays the pitch angle with time. Again, comparision of the data demonstrates
excclicnt results. Figure B.7 demoastrates the pitch rate as a function of time. Very small mismatches occur
ncar the relative minima and maxima of the traces. Overall the correlation is very good. Figures B.2 through
B.7 presented data for a 10 Ib pull and hold for a duration of 2.0 seconds. The 10 Ib pull was chosen to
exercise the simulation without violating the small angle criteria and to maintain linear assumption validity. The
next verification case demonstrates a 29 1b pull and hold at 0.8 Mach and 10000 . Figure B.8 demonstrates
the Mach number as a function of time. The data for the CNTRL subroutine was not plotted beyond S seconds
since it is clear that the velocity has diverged far from the GENESIS code. This divergence is attributed to the
simple drag model used within the linear model. Figure B.9 demonstrates the Normal Acceleration (in fUsec?)
vs time. The plots are comparable until about 2 seconds. Figure B.10 displays the angle of attack for this test
case. Again, a divergence between the curves occurs at approximately 2.0 seconds. Figure B.11 presents the
data for the pitch angle. While the rate of divergence is smaller, divergence is present. Figure B.12
demonstrates the pitch rate as a function of time. The curves are comparable through the first transient
(approximately 1.8 seconds). Figures B.8 though B.12 were presented to provide a boundary. Figures B.2
through B.7 provided an operating condition and Figures B.8 through B.12 provided the reader with an
expectation of performance degradation for venturing too far from that operating condition. Figure B.13
provides data for a 29 1b longitudinal stick pull and bold for 0.4 Mach at 20000 ft. While the Mach is slightly
biased, the curve is reasonably close to the GENESIS data. Figure B.14 demonstrates the altitude as a function
of time. The altitude is 20 f in error afler 4.0 seconds. Figure B.15 demonstrates the angle of attack as a
function of time. The results are reasonably close up to 3.0 seconds. The general shape of the curve appears
correct. Figure B.16 demonstrates the pitch angle with time. The results are within 1 degree after 3 seconds
and 4 dcgrees after 4 seconds. The bounds for the 0.4 Mach at 20000 fl case are considerably better than the
0.8 Mach at 10000 ft case. This is true for the operating conditions as well. Figure B.17 demonstrates the open
loop check out of the CNTRL code with the GENESIS code. The nonlinear data base was transferred and input
into the CNTRL subroutine as the input data. Figure B.17 demonstrates the effect of aot including the higher
ordcr dynamic terms.

In this thesis the majority of the identification effort was done with moderate magnitude, small time duration

B-2




dither sigoals. A comparison with the GENESIS code should produce nearly identical results. The purposeful
commands are the exception to the rule. A few purposeful commands resulted in pitch angles of over 30
degrecs after 8 seconds. The majority of commands are within the small angle constraiats and near the trim

conditions.
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APPENDIX C: MMAESIM COMPUTER CODE

The MMAFSIM computer code is divided into subroutines as shown in Figures C.1 - C.8. This appendix
will functionally describe each subroutine. The Fortran code is included at the end of this appendix. The
appendix will also describe any supporting routines which are necessary or helpful in the execution of this
rescarch project.

Figure C.1 presents the MMAESIM fault detection and isolation model key. This figure provides the filter
names and their corresponding descriptions. Filters FO1XX, F02XX, and FO3XX are always the truth models
for the three successive time intervals in the simulation (no failure, first failure, second failure). Filter FO4XX
is always the fully functional filter. The last two letters in the filter designation provide the bank location (B1-
B9.,and then X0-X3, necessary because of two letter constraint). The MMAESIM program is the first block in
Figure C.2. This code is responsible for the proper execution of the subroutines. Figure C.3 demonstrates the
block diagrams for the GETDAT and GAUSSGEN subroutines. Figure C.4 presents the Kalman filter
subroutine, KFILT, block diagram. Figure C.5 presents the UPDATE and ADPCON subroutine block diagrams.
Figure C.6 displays the VISTA F-16 flight control system block diagram (CNTRL). The integration subroutine,
DEABM, block diagram is shown in Figure C.7. Figure C.8 presents the equations of motion subroutine, EOM,
block diagram. The FORTRAN code is included following the figures. The FORTRAN code for the VISTA

F-16 flight control system is not included because of limited distribution rights.
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FAULT DETECTION & ISOLATION MODEL KEY

MMAESIM

IT~C~

ADM=~r-—m

-~ - —_—— e = = = —— A = - " = - = = = - . —— -

F15B1
F16B1

FULLY FUNCTIONAL TRUTH MODEL
FIRST FAILURE TRUTH MODEL
DUAL FAILURE TRUTH MODEL

FULLY FUNCTIONAL FILTER

LEFT STABILATOR FAILURE

RIGHT STABILATOR FAILURE

LEFT FLAPERON FAILURE

RIGHT FLAPERON FAILURE

RUDDER FAILURE

VELOCITY SENSOR FAILURE

ANGLE OF ATTACK SENSOR FAILURE
PITCH RATE SENSOR FAILURE
NORMAL ACCELERATION SENSOR FAILURE
ROLL RATE SENSOR FAILURE

YAW RATE SENSOR FAILURE

— LATERAL ACCELERATION SENSOR FAILURE

C.1 MMAEZSINM fault detectisn and isolation model key
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PROGRAM MMAESIM

CQ..!.!...QQ..'Q.!itt.ttlti.tlt.ﬂll.lii.littﬁl"i..t.t'ﬁt..tt.ﬁti.t.i.

AIR FORCE INSTITUTE OF TECHNOLOGY

EENG 799

MULTIPLE MODEL ADAPTIVE ESTIMATOR
FOR THE VISTA/F-16

by

Captain Gregory L. Stratton
and
Mr. Tim Menke

0O A0aANOOOGOOOO00ON0O0DNOOO0OA0ONONNOOO

include variable declaration file

INCLUDE ’'DECLARR.TXT’

""1ocal variables

e & 4+ s v e s+ e o e

ann

REAL T,TOUT,XIC(29),Y(29),V(7),wW(8),NOISE(8)
REAL DEGRAD,ZTPART(7),X(29),0x(29)

INTEGER I,J,3k,.klm

INTEGER 11,JJ,1X,JX,12,J2,1A,1B,1Q,1IDX
INTEGER tempat,tempbt,tempct,tempdt
CRARACTER*1 NFILET,MFILET,OFILET,NYFILET
CHARACTER*3 NXFILET

CHARACTER*4 NWFILET

CHARACTER*S DFILET

INTEGER L,ti,Bankold,ij,ic,pullflag,count
REAL Prbavg(20),tswitch,Probs2(10,20)

INTEGER SMPON, SMPOFF
REAL TIMON,TIMOFF

declarations for DEABM

[eXaNe]

INTEGER IDID,IPAR,LIW,LRW,INFO(15}, IWORK(50)
REAL ATOL,RPAR,RTOL, RWORK(739)

C-10
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This program is a simulation to evaluate a multiple model
adaptive estimator wrapped around the actual General Dynamics
VISTA/F-16 controller (based on the GD VISTA/F-16 block diagram
and as coded in FORTRAN by Mr. Tim Menke). This program is
based on the program MMACSIM. The original authors of MMACSIN

are:
Captains Donald Pogoda and Gregory Gross, Version 1
Captain Richard Stevens, Version 3
Last Revision: September 1989, MMAESIM Version:
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¢ declarations for code checking algoritha

c
REAL hmaydum(7,8),xmaydum(8,1),smaystat(7,1)
REAL hmaycon(7,21),xmaycon(21,1),zmaycon(7,1)
C v vt o e e e e e e e e e e e e e
EXTERNAL EONM
L o
OPEN(UNIT=17,PILE='TRUTH.DAT',STATUS=’'UNKNOWN’ )
€ v v e e e e s e e e e e e e e e e e e e e e e
OPEN(UNIT=18,FILE=’'CHECKER.DAT' ,STATUS='UNKNOWN')
€ i v 4 s 4 e e e e e e e s s et e e e e e e e e
OPEN(UNIT=19,PILE='PILTER.DAT’',STATUS='UNKNOWN' )
C v v b e e s s e e e e e e e e e e e e e e e e e e
OPEN(UNIT=S5]1,FPILE='PROBZZ.DAT’',STATUS«'UNKNOWN’)
o T S,
OPEN(UNIT=S52,PILE='PROBZZ2.DAT’,STATUS~’'UNKNOWN')
o
OPEN(UN1T=7]1,PILEs’MXX.DAT’,STATUS='UNKNONWN')
o T T T TS S
OPEN{(UNIT=72,FILE='MXM.DAT’,STATUS='UNKNOWN’)
€ v v s s 4 s e e e e s s e s s e s e e e e e s e e
Cm e e e e — e e e m e e e —m A e mm e —— e m e A m e ——— e ——————
(o START PROGRAM
c .....................................................................
pi=3.141592654
degrad=pi/180.
bankflag=0

CALL TIME(CTIME)
CALL DATE(CDATE)

CRRRRARERMRARARAARRAS AR ARG ARARARAARRADRORNARANASNRAARQARAROARAGRGGREOESR

C --- Bring in the data for the truth model(s) and the controllers.
C...QtQQ.Q.QQ.i..t.ltlt.ﬁl..i.i..t........!.tt".tt....tt......Q.ttit.

CALL GETDAT

(o AR RRRR AR R AR AR AR R R R R R R RRRRRRRRRRRRRE D]

C --- Compute the stoppxn? sample number for the DSINM provided in
c the REALS.DAT data input file.

(o Also set the start and stopping times used to store the

o liklihood information. Note that only 3 seconds (192 samples

c based on 64 Hz sample rate) can be saved at a time. This is

o to keep the array size of LKH down to a managable level (even

o as it is, the array is 192 rows x 91 columans =» 17,472, 1If the
c givon on and off times result in an on and off sample increment
c ifference of greater than 192, then the off sample increment

o is adjusted so that it is equal to the on sample increment plus
(o 192.

Cc

AAAAARARNAAARERAARAARLARRARIRRARGANR AR ARRDERAANC AR GARRNEROANARARARRER

SMPLS=DSIM/TSAMP

ISTART=1

ISTOP=IPIX(SMPLS)+1

TIMON « 4.0

TINOPP = 7.0

SMPON o IPIX(TIMON/TSAMP)+1
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SMPOFF = IFIX(TIMOPF/TSANP)+1
IP((SHPOFFP-SMPON).GT.192) SMPOFF = SMPON+192

COOR AR R R ARAE AN RARAdaRRaRARRARdadtdddaatdaaddRdatadaadntadatAdtntnaRed

C --- Zerc out the storage areas for the states, the inputs,

o the elemental controller probabilities, the control surface

c deflections, the output vector, and the accelerations.

o Bach of arrays keeps & running total of their respective values
(o through all of the monte carlo loops. After the monte carlo

c loop run is complete, each of the arrays are normalized by the
o the number of monte carlo loops, XITER.
C Also zero the time vector used for plotting, TVEC.
(o

(R AR ER AR EEEE R RS S REE RN ER AR R R R SRR R R R R R R R E R R RN R R RN R R R ER R R EE NN ¥ )

DO 751 JJ0=1,10
DO 750 IIe1,513

IF (JJ.EQ.1) THEN

TVEC(11,3J3)=0.

IF (II.LE.192) TSHORT(II,JJ)=0.
END 1P

IP (JJ.le.8) STATES(II,JJ)=0.

IP (JJ3.le.6) THEN
INPUTS(1I1,JJ)=0.
DEFLEC(11,JJ)=0.

END 1P

PROBS(11,J3J0)=0.
1P (JJ.LE.7) PROBS(II1,JJ+10)=0.

OUT(11,JJ)«0.
OUT(II,JJ+10)=0.
1P (JJ.LE.9) OUT(II,JJ3+20)=0.

IP(JJ.LE.2) ACCEL(II,JJ)=0.

750 CONTINUE
751 CONTINUE

CeOR AR A RO RRRAR ARt d A RARRRRRRRORRRRRRRERRARRARRRARARNARRAANRAARRED

C Create the C matrix. It is just a 29 by 29 identity matrix.

CERR RN d R RARRRRRRRRRARARRRRARRRER ROt RARRRRRRRRRRRANRARERANAARAREARRARARD

DO JJ=1,29
DO II-}1,29
IP (JJ.EQ.II) THEN
C{11,3J)=1.0
ELSE
C(11,3J)=0.0
END 1P
END DO
END DO

8985959559935 555895955599959555959559955595959959599989559555599599998$
9995555959559 955555985595555595555995599559559559955599955559995859885898S

ctl..l..'ili.0..lt.Q.i...iﬁl...i.ﬁ..tit....Q......i..t..i.....‘.l..i..
o

C This is the Monte Carlo Simulation Loop, (to statement 780.)

C

CoORR AR RRARRRARRARRAREERRAEIROANRELRASROARRAGRARRARRARRRROAARRANRRAANRNRRER

$$
$$

DO 780 IJK=1,XITER
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WRITE(*,*)’ MONTE CARLO LOOP § ’,1JK

INITVel
Initv2=0
MODELN=modelnl

Cret ettt ad R ARARRRRARRARARRRRARRARRARARRRRARRARRRRARARARARENSRARARRINAS

C --- Get the fully functional aircraft truth model matrices.
ctiltttttiltt..tttl'i.t....ttti.ti....tt..tt.t.ttt...t.t...t.!..t.l..t

CALL PULLOUT

COMRARARRRARGRAAERREEANAAARA AR RERANNAARAAAAREOREARERARAARANEAARRRARRS

C --- Zero out 29-dimensional X-vector & AUNEW. Also, initialise
c the 20-dimensional (seventeen filters plus three truth models.)
C PREBNEW vector.

Ct....(..t.tt..Qt.i.....li...'t‘.IQ.t...ith..‘.......l...t.t...t..l...

DO 1010 I=1,29
X(I)=0.0
IP(I.LE.6)AUNEW(I1)=0.0

IP (I.le.20) THEN
IF ((I.ne.modelnl) .and. (I.ne.modeln2)
+ .and. (l.ne.modelnl)) THEN

PRBNEW(I,Bank)=(1.-PRBFLTRTO)/PLOAT(NPLTR(Bank)-4)
IP (I.2Q.FLTRTO) PRBNEW(I,Bank)=PRBFLTRTO

END IF
END IF
1010 CONTINUE

CREMRRLAAANAAAMERAAARRAMEAAARAERARAARAARCRAAARAARAAAAAANAAARARSARAARARON

C --- Initialize Differential Equation Solving Routine (DEABN)
c..tti..it.t...tti...ti.t...ii.i.tlt.l....‘.!..........tQ....i....i...

INPO(1)=0
INFO(2)=0
INPO(3)=0
INPO(4)=1
LRW=739
LIW=S0

(o RTOL=1.E-08
RTOL~1.E-10

C ATOL=1.8-07
ATOL=1.E-09
T=0.0
TOUT=0.0

9598955559559 5595955599559555859595555559995595955995995999599959599599998s8s8

c...t..i‘..ii.....i........td...t.i...Q.tt.i.l.t...ﬁ.t.ttt.t...t.t..'!
C --- This is the start of the time response loop (to statement 300.)

CrHeettat ARl dtdddttdtaonRddadtdtAARARRARRaRARAdtRaARRARRORARRRRRARRGRRS

DO 300 J=ISTART,ISTOP

CHRARA AR AASAARANARRAMR SR LANENAARARANANARO AL RNARANADARRARANAANNNAAANNARS

C --- Check to make sure we have the correct truth model.

C

C --- If no failures are being modeled (numfails=0) then the fully
c functional afrcraft truth model (modelnl) {s always used.

o

C --- 1f one failure is being modeled (numfails=1l) then the fully

c functional aircraft model (modelnl) is used from time zero to

C-13




“imelagl. At timelagl, the truth model being used changes to
the single induced fajilure truth model (modeln2).

-~= If two failures are being modeled (numfails=2) then the fully
functional aircraft model (modelnl) is used from time zero to
timelagl. At timelagl, the truth model being used changes to
the single induced failure truth model (lodognZ). At timelag2,
the truth model being used changes to the double induced failure
truth model (modeln3).

O0OOO0OHO0O0OONON

~--- Timelagl must be less than or equal to timelaga.

C --- Note that PULLOUT is called only when MODELN changes.
C.l.‘Q.QQ.I.tltttt‘t‘ltl.t....O.t....il'..l.t....h.i..l..t...ﬂl.tltt!.

1r (numfails.eq.0) THEN
1r(iactfl2.eq.6)THEN
IP (tout.ge.timelag2) THEN
IP (MODELN.ne.modeln3) THEN
MODELNemodeln3
write(*,*)’truth model = ', MODELN3
CALL PULLOUT
END 1P
END 1P
ENDIP

ELSE I? (numfails.eq.l) THEN
1P ((tout.ge.timelagl) .and. (MODELN.ne.modeln2)) THEN
MODELN=modeln2
CALL PULLOUT
END IF

ELSE IF (numfailg.eq.2) THEN
I? ((tout.ge.timelagl) .and. (tout.lt.timelag2)) THEN
IF (MODELN.ne.modeln2) THEN
MODELN=modeln2
CALL PULLOUT
END 1P
ELSE IF (tout.ge.timelag2) THEN
IPF (MODELN.ne.modeln3) THEN
MODELN=modeln3
write(*,*)'truth model = ’,MODELN3
CALL PULLOUT
END IP

END 1IF

END 1P
L1777 7777777/ S 777777777 /77777/77777
CODE CHECK
L2777/ 7 777777/ 777/ 777777777 7/777/77
IP((T.GE.3.0).AND.(T.LE.3.3) ) THEN
WRITE(18,¢) ' TRUTH MODEL AT TIME',T
WRITE(18,*)'HT ',HT
WRITE(18,*)'H’,H
WRITE(18,¢)'X’,X
ENDIT

(e Xo e NaXoNeReNaRpl

CURN st AaARRdt Rt ddiRRARARAGtRRARCRARRRRRRRRRRARARRRRARRRRARARARNRRSS

C --- Create Output Vector, Y. (Y=CX)

CURRGARRRRRAAARARN RN NARAR AN RARNRRERRRACR RO ARRRORRRANARARARNORARRARCERAERR

CALL MATML(C,X,Y,29,29,1)

COMNAAARRGARARARRARARACERERRANAARACARARGRAERRGACANNAARANADRREGESRARIRNORRASN

C -~- Create the time vector used for plotting purposes, TVEC
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C And create the short time vector, TSHORT
C....Q.tﬂ.tlt.i.t.t.lt..tt.t.Q..Qt.i.t.......i.l....‘t.ittt.ttt..ttt..

I?P (IJK.EQ.1) THEN
TVEC(J,1)=TOUT .
IP ((J.GE.SMPON) .AND.(J.LT.SMPOFF)) THEN
TSHORT(J-SMPON+1,1)=TOUT
ZIND 1P
END IP

CROMAAAAARDRALRARRARARIAARAAAAAA AR AL RN ARG RARNAAORAACRRAANARERRANANARRSS

C --- Compute Time Response for System Outputs.
ctttiﬁtlt.t.i.itl..Q.ttidttttt..l.tt.ﬁ...t.l.t..tt.i.t.it...!..i...ﬁt.

DO 876 klm=},29
OUT(J,klm)=Y(klm)+OUT(J klm)
876 CONTINUE

CORARARARRRARN QGG RADRASAARAREAC AR AARARAAANAAGQASRSANRRRBRAANAROAGRASARRES

C --- Compute Time Response for Control Inputs and Deflections.
CRABARRARARAARRRAARRSEAEARAGAARRRRAAAARCAASGGRNRNGARARARRARAGRAdGRRRNDYS

DO 765 kla=l1,6
INPUTS(J,kim)=AUNEW(k1lm)+INPUTS(J, klnm)
DEFLEC(J,k1la)eX(9+(klm-1)*d)+DEPLEC(J,k1m)

765 CONTINUE

CORR R ARG R AR RO ARRA AR R ANRNRANA LR R AR RAARAORANRNNRARERRARARARRAGRNRA RS

C --- Compute Time Response for Plant States.
cti.it..ﬁ.t...ﬁ.n'.n..‘t......tt...tt.tti!tiﬁ.ltttlﬁﬁtttt....ti..ﬁ.tt.

DO 654 klm=1,8
STATES(J,klm)=X(k1lm)+STATES(J,klm)
654 CONTINUE

CRRERRARRARAAARARARAAA AN RRARAAARARACAANBOR ARG NARSRRARARAARAROANERS

C --- Compute Time Response of Controller Probabilities.
ct.tii...Qt..tttt.h..'th.t......Q.QI.ii'.t..t.t..........i.ii..tt.l'..

DO 1iq=1,NPLTR(bank)
Prbavg(iq)=0.
ERDDO

DO 1771 iq=1,NFLTR(Bank)
IF ((ig.ne.modelnl) .and. (iq.ne.modeln2)
+ .and. (iq.ne.modeln3)) THEN

PROBS(J,iq)=PROBS(J,1q)+PRBNEW(iq,Bank)

IP(BANK.NE.1)THEN
PRBBNK2(J,ig)=PROBS(J,iq)
ENDIF

1P (J3.1t.10) THEN
DO 1778 tie2,y
Probs2(ti,iq)=Probs2(ti-1,iq)
1778 CONTINUE
ELSE
DO 1779 ti=2,10
Probs2(ti,iq)=Probs2(ti-1,iq)
1779 CONTINUE
END 17
Probs2(1,iq)=Prbnew(iq,bank)

I? (4.9t.10) THEN
DO 1776 tie1,10
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Prbavg(iq)=Prbavg(iq)+Probs2(ti, iq)

1776 CONTINUE
Prbavg(iq)=Prbavg(iq)/10.0
END 1P
END 1P
1771 CONTINUE

c.lilittt..“..l.Q......Q'.Qtt....t..t......i.l.t..t.......ﬁtt....l.'.

C --- Increment the time by one sample time
Ci..ﬁtt...ﬁﬁ...ttt.t.tttt!...QQ.Q..Q.CQ.Q.Q......L..tit.t.ﬁt.tt.tttlt.

TOUT = TOUT + TSAMP

Cre Rt ARe ARt RaddRtteRRatadRadRdReRedtaRARAntadR \RaaRtadadadaadndnds

€ --- Pailure Section - Zero out the failed actuator states for the
c proper failure at the correct time (currently set up for a

C single failure scenario
c.ii..t......"............tttﬁidtt...itdtlilttﬁi.tt.t....tll..tt.tt..

c write(®*,*) tout,numfails,lactfail
IF ({(numfails.eq.1).OR.(nunfails.eq.2)) THEN

17 (tout.ge.timelagl) THEN
1r (iactfail.eq.l)then
X(9)=0.0
ELSE IF (iactfail.eq.2)then
X(13)=0.0
ELSE If (factfail.eq.3)then
X(17)=0.0
ELSE 1P (iactfail.eq.4)then
X(21)=0.0
ELSE IF (iactfail.eq.5)then
X¥(25)=0.0
ENDIP
ENDIP

IFr (tout.ge.timelag2) THEN
IF ({actfl2.eq.l)then

X(9)=0.0

BLSE 1IF (ifactfll.eq.2)then
X(13)=0.0 .

ELSE IP (lactfl2.eq.3)then
X(17)=0.0

ELSE IF (lactfl2.eq.4d)then
X(21)=0.0

ELSE IPF (iactfl2.eq.S5)then
X(25)=0.0

ELSE 1IF (lactfl2.eq.6)then

conditions have changed no failure is
present. This demonstrates the capability
of the algorithm to back out of the banks

[sXa X Xz Xg}

nunfails « 9
write(*,*) 'through gate #1 ’,tout

0

ENDIP

ENDIP
ENDIP
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ci..l.'.ti.QIQl..Ql...t.t.....i.l.i.l......Q.i....I.....‘....i...t....

C --- Create a noise-free measureaent vector Z«(HX) and then add

c measurement noise (+ R) to measurements. Subroutine Gaussgen
(of genecrates a GWN vector of length seven.

[of

C --- 1If sensorblias is 1, a sensor bias will be simulated. The tera
(o tbiasamnt i{s added to the measurement vector. The sensorbias
(o flag and zbiasamnt vector are defined in the input file.

CHO NN AR NGO RE AR RN R A AR AN RN AN AR RN ARG AR AR AN AA R RAAEASARRSEARRGONS
CALL MATML(HT,X,2TPART,7,29,1)

g ////////////gé//gé/(/////////////////////
c /////////////////////////////////////////

(o 3.0).AND.(T.LE.3.3))THEN

(o HRITS(I? 401)T,2(7)

(o WRIT!(IO,')'TRUTB MODEL AT TIME',T
c WRITE(18,¢)’'2ZTPART = HT ¢ X',2TPART
C ENDIP

C /L1177 1771727777777 77/7777//77/77777//7

CALL GAUSSGEN(DSEED,7,V)

DO 259 IDX=l,?
Modification to eliminate noise in measurement

V(IDX)=0.0

[sXaNaKeRgl

Z(IDX)=2TPART(IDX)
& +{SQRT(R(IDX,IDX))*V(1IDX))
I? {(tout.ge.timelagl) THEN
IP (sensorbias.eq.l) 2(IDX)=2(IDX)+2biasamnt(IDX)

END 1P

259 CONTINUE

C L1177 7777 77777777/ / 7/ 7 7 7777 /77777777

(o CODE CHECK

C LI/ 7777 7777777777177/ 7 7777777 //77/7////
IP((T.GE.2.95).AND,.{T.LE.3.3))THEN
do imaydua=l,?
do jmaydum = 1,8
haaydum(imaydum, jmaydus)=ht(imaydum, jmay”ua)
enddo
enddo
do imaydum = 1,8
xmaydum(imaydum,l)=x(imaydum)
enddo
Call Matal(hmaydum,xsaydum, zmaystat,7,8,1)
Write(17,*)’ State portion of measurement matrix’
Write(l7,*)’ time, ht '
WRITE(17,*)T,hmaydum
WRITE(17,#*)’ x ’',xmaydum
WRITE(17,*)’ z ',zmaystat

do imaydumel,?

do jmaydum = 1,21
hlaycon(ilaydu-,jlaydul)-ht(ilaydu-,jnaydun + 8)
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enddo
enddo
do {maydua = 1,21
xmaycon(imaydum,l)=x(imaydum + 8)
enddo -
write(l7,*)’ Controller portion of measurement matrix’
write(l7,¢)’ time, ht’
Call Matml(hmaycon,xmaycon,zmaycon,?,21,1)
WRITE(17,*)T,hmaycon
—e WRITE(17,*)’ x ’,xmaycon
WRITE(17,¢)’ z ’,zmaycon
c WRITE(18,*)'2TPART « HT * X’ ,ZTPART
ENDIP
C L//177777777777777777777/77/777/7/77/7777

CARR LR ARRRARRERAARARCRARRRNRNNERNERAAARRAARARSERNANARAGRAASENNIARASRASR

C Save the values of the normal and lateral acceleration
C into ACCEL 80 later save with a call to MATSAV.
C Remember that Z(4) and Z(7) must be adjusted to reflect

C the true accelerations.
ctt...l....t...t..l.i.t...t...titttttit.lQtt..t....t..t.tt.t.t.l.t.i..

ACCEL(J,1)=ACCEL(J,1)+2(4¢)+1
ACCEL(J,2)=ACCEL(J,2)+2(7)-SIN(X(S))

CORAR R A AR AR A AR RN AR A RANARARR RN RARG S AR A ANRRARERRERRARNANAARENSARRERERNRRS

C --- Call the Kalman filter. (ITIME is used to plot the residual
o time sequence. See subroutine UPDATE and the residual plotting
(o portion on PLTLSR.)

CoOte et datafat et dRaddadddtdaddatdteRaRaRRRaRRtdanaaadatedftadtadtRantne

itime=)
CALL KPILT(T,X,DK)

COMR PR RN R R RS AARRIRARANARA R ARARRAANRARRAARAAARCARRARNEANAARRNAAARRAED

C --- Call the differential equation solver.
CREEBRARBANRGARRRGANRRE IR AR R A RANERR AR R AR A RANARORACEAANROR ARSI RRAOAD

RWORK(1)=TOUT
write(1l8,%*)'time = 7,t,’x before deaba ',x
17717 CALL DEABM(EON,29,T,X,TOUT,INFO,RTOL,ATOL,IDID,
+ RWORK, LRW, IWORK,LIW,RPAR, IPAR)

INFO(1)=0

1r (IDID.EQ.3) THEN
INFO(4)=1

END 1P

Ir (IDID.EQ.(-2)) THEN
INFO(1)=1
GOTO 1777

END IP

1P ((IDID.LE.O) .AND. (IDID.NE.(-2))) THEN
PRINT®,’t#4¢ ERROR DETECTED WHILE DEABM CALLED ##te#’

PRINT*,’ ERROR CODE = ',IDID
PRINT®,’ 500 MORE TIMES'
INPO(1) =1
GOTO 1777
o GOTO 9999
ELSE




INFO(1)=0
INFO(4)=]l

END I?
write(18,*)'time =« ’,t,’x after deaba ', ,x

TeTOUT

CravndRAadasddatdtddRandtdddadadaRAdtdRentRAdRAdaeatdadatatantntandadans

C --- Corrupt the system with white Gaussian noise {f WPLAGel
c.tt..t.ta.ttﬂt.iintntttttt..ttt.tit.It.l.i.i.t.li.i.!tQ.n.l..ttttt..ﬁ

1F (WFLAG.EQ.1l) THEN
CALL GAUSSGEN(DSEED,8,W)

DO 9098 1Xx-1,8
NOISE(IX)=0.
DO 9995 JXxel,1X
NOISE(IX)=NOISE(IX)+(CQDCNT(IX,JIX)*W(JX)*WGNPAC)
9995 CONTINUE
X(IX)=X(IX)+NOISE(IX)
9098 CONTINUE

END IF

CoRt e At Rt A A R R R AR R A AR AR R R AR RN AR R AR A RN R A AR RARR AR A AR R AR RRAARARNOSN
[ HRIERARCHY MODULE

c.....tt.i!...l..t...ﬁ..l......il.t..i.......tt....t...t..!..'..t...t.
C --- Measure the average of the last 10 samples of the elemental

C controller probabilities. 1If the average is greater than $0%,
o then declare that failure has occured, and move to the appropriate
c bank to watch for a second failure, or the full-function aircraft.

CERMAAARAAARRARNALRRAAAARRRAARARAL AN RRA A AR AR RRAN ARSI REAONAANNERNASEARSS

CRORR R AR ARt RatddRtaddad ettt tadaaRandntRtdedARAttRdttdRadanadRoadRdnandn

C --- Only compute PRBAVG if we are 10 or msore samples into the test.
CORR AR ANAG AR AR R AR ARRAARR AR RARNRRRARRRRRAARRARRRAROEARGRARARRARRAGARARAD

IF (3.1t.10) GO TO 1773

COHRRAARGARAAARAARARRNARNRRAREEAN ARG R RREABRNRAARAAARRAANGRLRNRORASARORRAANDORRES

C--1--rirst, run through each of the filters in the bank being tested.

CHREBARRAAGARRRRRAARRARRARERARNNARARRRARARARRARARROORRddddddRRRRdddRditdn

DO 1773 iqed,NPLTR(Bank)

CEORAAR AR ARAARNA RO R AR R AR A A RN R RGN RN RN NAARAAAARACOAARNAARSRORRAGRARORS

C--2--1f PRBAVG {s less than 90%, do not switch banks.

CrAtRtada Rt atdadad Attt ARRRRaRedAdadRttadaaaRtRARedddntRansddtdndddnes

I? (PRBAVG(iq).1t.0.90) go to 1773

CoOR AR R R A RAGAR A AR RS ARR SRR AR RN R AR R AR ARt RRaRadddRtadddRRatRdRanesd

C--3--Do the following if the probability exceeds 90%.

c Cycle through each of the filter bank names until we find
c 8 bankname which is the same as the filter which exceeds
C the 90% threshold.

CHRE AR QA G AR A RAARAARRGARRRRRARARARRAAREARR AR NARAORORNRORARRRARBASRANNARRS

DO 1774 irel,nuabanks

CrORRnad sttt eaRed et tdodaaddatddfdde i tdadasdddtRddeaaatanednacnandans

C --- If BANK equals the bank we are going to test, skip it and

c proceed to the next bank.
CrRRRRReeadaadfa i aRtotRasaad et RRRRatRatanaantadedtadRadadeednentade
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1r (Bank.cg.lr) GO TO 1774
Write(*,*)dfile(iq,bank), Bankname(ir),tout,numfails

C /117777772777 /7777777777777/77777/7777/77/77/77/7777/7777/777/777/77/77
C --- This subsection of code converts the bank in dfile to the

proper bank number for switching banks

C
(I IIIIIIIITII VI I IIIILRLLdLidlddd

NO0OOOOOHEOHON

DFILET = dfile(iq,bank)

NPILET=DPILET(2:2)

MPILET=DPILET(3:3)

TEMPAT « ICHAR(NFILET) - 48
TEMPBT = ICHAR(MFILET) -~ 48
TEMPCT = TEMPAT*10 + TEMPBT
TEMPDT = TEMPCT

IF(TEMPCT.LE.12)THEN
TEMPCT = TEMPCT ~ 3
ELSE
TEMPCT = TENMPCT - 3

ENDI?

WRITE(*,*)NFILET MFILET, TEMPAT, TEMPBT, TEMPCT

NWPILET = DFILET
NXFILET = DFILET
OFILET = CHAR(TEMPCT + 48)
WRITE(*,*}OFILET

IF(TEMPDT.LE.12)THEN
dfilet = nwfilet//ofilet
ELSE
n¥f112t - g’
dfilet =« nxfilet//nyfilet//ofilet
ENDIP
write(*,*)dfilet

(I iiiiiailiidiiiiis

9700

noo0onon

Ir (DPILE(iq,tempct).eq.Bankname(ir)) THEN

Bankold=B8ank

Bankeir

BankflageBankflag+l

PRINTe,’ '

WRITE(*,9700) Dfile(iq,bankold)},Dfile(iq,bank),tout
FORMAT(’$’',5x,'We are switching from bank ' ,A,’ to
bank ’,A,’ at time ’,P4.2,'.’)

PRINT+,’

PRINTe,’

L2107 7077777777777 7 0777077777077/ 7777777077777/ 777777777///////¢777/

--- Experimental

L1107 077077 77777077777 7707/77 7077777777777 707/777077777/07/777/77/

IF(Bank.gt.l)then
Do { = 1, Nuambanks

Bankname(i) = Bankname(l)
Enddo
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ELSE

Do { = 1, Numbanks
Bankname(i) = Dfile((i+3),1)
Enddo

ENDIF

c.tiit.itItt.ttt.ttit..ttt..t..ll.ilittttﬁt..Q.Qt..tt.tlt..tt..t...t..
C--4--Set the ftobablltty value of the new filter equal to the

c probability of the filter in the previous bank. Also set

c the other filter probabilities equally so the overall

(o probability equals one.

c.......i..tl.'.Q....t.li....ti..i...!i.....'...t.......i‘ﬂ..ti.ttﬁ.t.

DO 1781 ti=d, NFLTR(bank)
IF (ti.eq.iq) THEN
prbnew(ti,ir)=prdbnew{iq,bankold)

ELSE
prbnew(ti,ir)=(1.0-prbnew(iq,bankold))/
& (float(NFLTR(bank)-4))
ENDIPF
1781 CONTINUE

tswitchetout/(tsamp)

C‘I.....i.Qli......'.....lQ.......l...ll.l.i..li.....'..........'...ﬁ.

C--5--This test tells us if we have tested all banks but cannot
o locate an appropriate bank.
CQii..Q.QQ.tt..t..!.l.ﬁt.t..lt.tt.t....!tt.i.l.tt.l..it‘..iIl.....t‘..

ELSE IP ((ir.eq.numbanks) .and. (count.eq.0)) THEN
WRITE(*,9701)
9701 FORMAT(’$’,5x,'We have passed the switch test,
+ but have no other bank to switch to, ')
WRITE(*,9703) Bank

9703 FORMAT(’$’,5x,’80 we are staying in bank number’,12,’.')
WRITE(*,9702) Dfile(d,Bank)

9702 PORMAT('$’,5x,’'(The name of this bank is ’,A,’.})’)
PRINT»,’ *
countecount+l

END 1P
1774 CONTINUE
1773 CONTINUE
C .

IF((TOUT.GE.0.0).AND.(TOUT.LE.8.0))THEN
WRITE(S51,¢)’ PRBNEW at time: ’,TOUT
WRITE(S2,*)’' PRBNEW at time: ‘,TOUT

DO I2XQ = 4,16,4

WRITE(S1,*)PRBNEW(IZXQ,1),PRBNEW({IZXQ+1,1),PRBNEW(I2ZXQ+2,1),
& PRBNEW(IZXQ+3,1)

write(52,*)PRBNEW(IZXQ,2), PRBNEW(12XQ+1,2),PRBNEW(1I2XQ+2,2),
& PRBNEW(IZXQ+3,2)

ENDDO
ENDIF

CrLI// 7777777777 /77 P S 777 /7SI I/ /77 /7 77777777/ 7777/
CLIVIL L2177 7 L7 Ll 7L 77 L/ 777 /7777177777777

300 CONTINUE

Crr/// /77777777777 //77/7// END TIME RESPONSE LOOP ///////7/77/77//7/7//7//
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L1/l 7 77777777717 7777771 I 77/ 27777 7777777777777/ 7777/777/7

ir (llk.n..xitct) THEN
pullflag=0
Counte=0
Banke=]l
Bankold=Bank
Bankflag=0

END 1P

780 CONTINUE

CH$9999959995599599999959S% END MONTE CARLO LOOP $$5595959559995555598$
T oI rsrrssrrrnrgrsrssssssssgssssssssssssss
95899950800 505 9000950559595 5595555555995895995959599599999999596999
OS50 9599595995999955559999990999599599995999995998959599999585595958$

CRrEtR Rt AR AR RS dRRRdRARRRARARRRARRARSRRRARARARRRORARRRARAARNANNRRANSRARSD

C --- Now normalize everything by the number of Monte Carlo iterations.
And set-up array for sln?lo scalar residuals to be read in

(o MATSAV. The arcay RSID is set UR such that the rows correspond
(o to the time increment number. The columns are as follows:

C columns 1:7 corcrespond to the scalar residuals of filter #4,

c columns 8:14 correspond to the écalar residuals of filter 45,
C
[of

@»Lranoen

[g]

etc., until the last filter.

ERERRRANAR AN RN RAN SR AR AR OA A AR R RARARARA R AR R A AR R RN R ARACARRANRARSERANY

DO 755 J2=-1,10
DO 754 12e1,ISTOP
IP (JZ.le.8) STATES(12,J02)=STATES(12,J2)/XITER

1?7 (JZ.le.6) THEN
INPUTS(12,J2)=INPUTS(12,J2)/XITER
DEFLEC(12,J2)=DEPLEC(12,J2)/XITER

END 1P

PROBS(I2,J7)=PROBS(12,J2)/XITER
1?7 (J2.le.7) PROBS(12,J3%2+410)=PROBS(12,J2+10)/XITER

OUT(12,J2)=QUT(12,J2)/XITER
OUT(12,J2+10)=0UT(12,J2+10)/XITER
1P (J2.LE.9) OUT(12,02+20)=0UT(12,52+20)/XITER

17 (J2.LE.2) ACCEL(12,J32)=ACCEL(1Z,J2)/XITER

IPF (JZ.LE.7)THEN
1?7 ((I1Z.GE.SMPON).AND.(IZ.LT.SMPOFP))THEN
DO Il=4,NFLTR(1)
I1IMOD=11-13
RSID(IZ-SMPON+1,INT((II-4)*7432))=rssave(1Z,J2,11IM0D)
BOUSG(I2Z-SMPON+1,INT((11-4)274J2))=buzsave(12,JZ,11IMO0D)

IP(BANK.NE.1)THEN
RSIDTWO(IZ-SMPON+1,INT((II-4)274J2))=

& crsave(12,J2,11M0D)
BDUSGTWO(IZ-SMPON]l,INT((I1-4)%74J32))=
& buzsave(12,J2,11IMO0D)
ENDIP
write(®,®) fececwnana anaesima -------- ', 12

write(*,*)buzsave(12,4,8)

iiz2tpc=12-SHPON+1

1122tpbeINT((11-4)274J2)
write(*,*)BDUSG(iisztpc,iizatpb),iizstpc,iizztpd

[aXsXaXsXs}
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if(iizztpb.eq.91)then
v:é:;('.')iix:tpc,BDUSG(tlzztpc,91)
en

ann

END DO
END 1P
END IP

754 CONTINUE
755 CONTINUE

CHNEARAARARCRREERARNRARARRAARC R NROARAARNARARRARAARAARRAGRAARARASRNARS

C --- Mean and Standard Deviation of Probabilities Compuation

Note, the data used from this section should be used with care
1f hierarchical (2 failures) modeling is used., Por no failures
it is assumed that the aean and ltangard deviation can be
averaged over the entire length of the simulation. For single
failures (w/o hierarchical modeling), it is assumed that the
mean and standard deviation are avoragod over two time periods:
(1) from time zer0 to timelagl, and (2) from timelagl to the
end of the simulation, Por double failures (hierarchical
modeling), it is assumed that the mean and standard deviation
ate average over three time periods: (1) from time zero to
timelagl, (2) from timelagl to timelag2, and (3) from timelag2
to the end of the simulation. NOTE: Por hierarchical modeling
we are assuming the banks are switched at timelagl. However,
there should be a slight lag from timelagl to bank switching.
Therefore, caution should be used when hierarchical modeling

is implemented.
CARAARAPRARRANA R AN R R R A AR AR AR PR RS R A AR R AR R ARSI AAR AR RARERARRR AN RANNRED

OO ONNOONNOHNNNOONN

DO kkel,3
DO kj=I,NFLTR(!L)
meanprob(kk,kj)=0.0
stddev(kk,kj)=0.0
END DO
END DO

CrHRAR AR AR AR R AN SRR RN AAR R AR AR PR RO RARRRAES R RARARANAR AR R AR RSRAAARDGOOERA

C --- Picst compute the mean,
COPA A ARARAARARRARRARAARARRRARERARARARRARRARCEERRARRRARACRNARRRGARAARD

DO kj=d,NFLTR(1)

Ir{numfails.eq.0)THEN
Teapl=0.0
DO kiel,ISTOP
Temple=Templ+Probs(ki, kj)
END DO
Meanprob(1,kj)=Templ/Float(ISTOP)

ELSE If(numfails.eq.1)THEN

Te-gloo.o

DO kiel,IFIX(timelagl/tsamp)-1
Teapl=Templ+Probs(ki, kj)

END DO

Hoanfrob(l,kj)-renpl/((ti-elagl/tSAlp)-l.)

Templ=0.0

DO ki=IFIX(timelagl/tsamp),ISTOP
TempleTempl+Probs(ki,kj)

END DO

Meanprob(2,kj)e=

& Teapl/(Ploat{ISTOP)-(timelagl /tsamp)+l.)

ELSE 1F(numfails.eq.2)THEN
Teapl«0.0
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DO ki=1l,IPIX(timelagl/tsamp)-1
Tenpl=Teapl+probs(ki, ki)

END DO

noanfrob(1,kj)-Te-pl/((tilelagl/tta-p)-l.)

T.-E =0.0

DO ki=IFIX(timelagl/tsamp),IFIX(timelag2/tsamp)-1
Temapl=Teapl+probs(ki, kj)

END DO

Meanprob(2,kj)e

& Tengl/((tilelagz-tlnelaql)/tsa-p)

TGIEI'O.
DO kiwIPIX(timelag2/tsamp),ISTOP
Templ=Templeprobs(ki, ki)
END DO
Meanprob(3,kj)=
[ Teapl/(Float(ISTOP)-(timelag2/tsamp)+l.)

ENU IPF
END DO

CrERARRAARRAARARRACRADARNRARNR AP ARRARRAARN AR AARARRRANAAANNARAANAARERSNEN

C --- Now compute the standard deviation.
c..t.t‘Qttﬂ..ﬂQttit.tti!lt..itt.ttl!"ﬁ'...i...t.ii.tt.tlh.t.i'.ﬁtl.i.

DO kj=4,NFLTR(1)

If(nunfails.eq.0)THEN
Temp2=0.0
DO ki=1,ISTOP
Temp2«Temp2+((probs(ki,kj)-Meanprob(l,kj))*+*2)
END DO
Stddev(1l,kj)esqrt(Temp2/Float(ISTOP))

ELSE IF(numfails.eq.1)THEN
TelEZ-0.0
DO kiel,IFIX(timelagl/tsamp)-1
Tenp2=Temp2+{ (probs{ki,kj)-Meanprob(1l,k3))**2)
END DO
Stddev(l,kj)=sqrt(Temp2/(({timelagl/tsamp)-1.))
Temp2=0.0
DO ki=IFIX(ti‘melagl/tsamp),ISTOP
Temp2=Tec. '+((probs{ki,kj)-Meanprob(2,kj))**2)
END DO
Stddev(2,kj'=
& sqQrt(Temp2/(Float(ISTOP)-(timelagl /tsamp)+l.))

ELSE IFf(numfails.eq.2)THEN
Teapl=0.0
DO kiel,IPIX(timelagl/tsamp)-1
TempleTempl+({probe(ki,kj)-Meanprob(1l,kj))*+2)
END DO
Stddev(1l,kj)=sqrt(Temp2/((timelagl/tsamp)-1.))
Tenpl«0.0
DO ki=IrIX(timelagl/tsamp),IPIX(timelag2/tsamp)-1
Tenp2=Temp2+((probs(ki,kj)-Meanprob(2,kj))**2)
END DO
Stddev(2,kj)e=
& sqrt(Temp2/((timelag2-timelagl)/tsamp))
Temp2«0.0
DO ki~IFPIX{timelag2/tsamp),ISTOP
Temp2=Temp2+{ (probs(ki, kj)-Meanprcd(3,kj))**2)
END DO
Stddev(3,kj)=
& sqrt(Temp2/(Float(ISTOP)~(timelag2/tsamp)l+l.))

END 1P
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END DO

c...........ﬁ.....‘l..Qt.lti.i.I...0i.............0.....‘..‘..‘.!..t..

C --- Call MATSAV to generate MATRIXX data files for plotting

c.tlt.....Q‘i......t.ttt'..i.'tt.....t....l.i..i.l...lt...l..tt.ﬁi.t..

CALL MATSAV(7l,°'TI’,513,1S8TOP,1,0,TVEC,DUMNYJ,

&' (10A8)')

CALL MATSAV(71,’IN’,513,ISTOP,6,0,INPUTS,DUNMYJ,

&' (10A8)°)

CALL MATSAV(71,'ST’,513,15TOP,8,0,STATES,DUNMYJ,

&' (10A8)’)

CALL MATSAV(?71,'DrF’,513,18TOP,6,0,DEFLEC,DUNMYJ,

&' (10A8)°)

CALL MATSAV(71,’'PRB’,S513,1STOP,17,0,PROBS,DUMMYJ,
6'(10A8)’)

CALL MATSAV(71,'GS’,513,1STOP,2,0,ACCEL,DUNNY],
&' (10A8)")

CALL MATSAV(71,'TS’,192,SMPOFF-SMPON,1,0,TSHORT, DUMMYJ,
&"(10A8)")

CALL MATSAV(71,'RS’,192,SMPOFFP-SMPON,91,0,RSI1D,DUMMYJ,
&'(10A8)’)

CALL MATSAV(71,'BDU’,192,SMPOFF-SMPON,91,0,BDUSG,DUMMY]J,
&'(10A8)")

CALL MATSAV(71,’MN’,3,3,16,0,MEANPROB,DUMAYJ,
&'(10A8)')

CALL MATSAV(71,°S1G’,3,3,16,0,STDDEV,DUNNYJ,
&’(10A8)’)

C 04200ttt addd et ddRottdddtdndtdddndddbnddttdidtddaRAntny

C 2 nd MATRIXx Plotting file for second bank

C SRR A RARA R AR RARRNRARRER A RN AN RAARRARERARC R RANANR ARG LAt

CALL MATSAV(72,'T1’,513,1STOP,1,0,TVEC,DUMMYJ,

&'(10A8)')

CALL MATSAV(72,'PRB’,513,ISTOP,17,0,PRBBNK2,DUMMYJ,

&' (10A8)")

CALL MATSAV(72,'TS’,192,SMPOFF-SMPON,1,0,TSHORT,DUMMYJ,

&’ (10A8)")

CALL MATSAV(72,'RS’,192,SMPOFFr-SMPON,91,0,RSIDTWO,DUMMYJ,
&' (10A8)")

CALS :ATSAV(?Z,'BDU',192.SHPOPF-SHPON,91,0,BDUSGTWO,DUHHYJ,
&« (10A8)")

9999 CONTINUE

CLI/I /IS 77707 EL L7/ L7777 77/77//77777/
C ENN OF MMAESIM
C--------.-----.--.--------------------------------------.-.---.--..

(ol Y T T e o e N T I T T LIy v

END
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SUBROUTINE ADPCON(PRBTMP, PRBOLD,ZXHP)
INCLUDE 'DECLARR.TXT*

l.o‘c.a.l

L N

0Oono

v a

. e

i

« W
.

1

Y X
. m e

INTEGER I,J,K,PORDER(20,15)

REAL PRBTKP(20,15),PRBOLD(20,15),2XHP(8,20)

REAL PRBSUM,PDUMMY(20,15), TEMP,PRBDLT,PRBDUM(20,15)
REAL*16 PRBWRK,QDELT

C..iil..i.i..ii.l“QQQ‘.........‘t..it.....Q‘..‘ﬁt..‘tii...‘i.t..!....l

C --- Calculate the normalizing factor for the probabilities,
o the denoainator of equation 10-104 of Maybeck.
c..ltiﬁ.i.i.ittlt'ti..t..tt....lQ.l.ntt...ti.Ql‘.IQ'QQQ.'.......Q....'
PRBSUN=0.
QDELT=0.

DO 10 I=]1,NFLTR(Bank)
IP ((I.ne.modelnl) .and. (Il.ne.modeln2)
+ .and. (I.ne.modeln3)) THEN
PRBSUM«PRBSUM+PRBTMP(1,Bank)
END IP
10 CONTINUE

CRASdAaddddatadtdRdRRARd AR ARddanddtadttdatantodRRdntRttansdddandddnts

C ~--- Calculate the probabilities, stored in PRBWRK.

o

C --- I1f a probability is less than the minimum acceptable

c probability, PRBMIN, set it equal to PRBMIN.

C

c Having to reset any probabilities to PRBMIN will cause the sua

c of the probabilities to exceed one. To fix this, the following
c algorithm keeps track of the errors, which is the sum of all the
o (PRBMIN - PRBWRK). This error is then subtracted from the highest
c probability, as found from a call to DSORT. This results i{n the
C sum of the probabilities equal to one.

(o

(o QEXT is an intrinsic function that returns .........

(o SNGLQ is 8 ............

CrefatRaddtddrRad Rt R RtadRdaaRARRARRARRRRARRRRARARRRARARRRRRRARRSARARRARASR

DO 20 Je]l ,NFLTR(Bank)
IFr ((J.ne.modelnl) .and. (J.ne.modeln2)
+ .and. {(J.ne.modelnl)) THEN

PRBWRK=QEXT (PRBTMP(J,Bank))/QEXT(PRBSUNM)

17 (PRBWRK.LT.QEXT(PRBMIN)) THEN
QDELT=QDELT+(QEXT(PRBMIN)-PRBWRK)
PRBWRK«QEXT(PRBMIN)

END 1P

PRBNEW(J,Bank )~SNGLQ( PRBWRK)
PRBOLD(J,Bank )=~PRBNEW(J,Bank)

END 1P
20 CONTINUE

PRBDLT«SNGLQ(QDELT)
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Ci..tt..QI.!..Q.tl.t.Qﬁt.l.t!....ﬁ.iﬁi.i..!Ql...i...‘iﬁ..ill....l..t..

C --- Now, create a vector with the indices of the sorted probabilities
[of (high to low.) Note: PRBNEW’S ordering is not changed,

c...tﬁ.i...‘t.t..ﬁ....Q...'t.t...t.Qﬁ‘.!.i'.ii.t'.l..ii.‘i...t.t.I.l..

DO 1=]1,NFLTR(BANK)
PRBDUM( I,BANK)=PRBNEW(I,BANK)
ENDDO

CALL DSORT(PRBDUM,NFLTR,PORDER)

C‘...i..t'lttt.l.ﬁ.t.i.tt‘.t.‘t.l..l!t...t.l....i...ttﬁit...ll.tl.i..t

C ~-- Decrease the highest probability by PRBDLT to ensure overall
(o probability is 1.0

CrRd ARt R AR AR d Attt aRR AR RN NdtRadddRadaRtadRARRARREaRRARNSAdRARAGRRRARRRORNREATY

PRBNEW(PORDER( d,Bank),Bank)=PRENEW({PORDER(4,Bank),Bank)-PRBDLT
PRBDUM( PORDER( 4,Bank),Bank)=PRBDUM( PORDER(4,Bank),Bank)-PRBDLT

CARNSAAAAR AR RN AR R ARG SR A AANRRARRIA AR RARIRAAREDR AN AR AR RAAANRNARAbAbRRARRAR

C ~-- Below are various methods to use the probabilities to calculate
c the weighted sum state estimate, XHPSUM. Selection is based on
c what the flag ISCLT is set to.

Ctttt.tl....i...I.Q...t.tl.t.il.ii.......t..t....l..lt.!..tti..t.i..t.

C1111111111111111113131111131212111212121422211112112312121111233111111111111111
C ~-- Method 1. Use only the filter estimate and raw probability
c of the highest probability filter.

IF (ISLCT.EQ.l) THEN
CALL ACALC({ZXHP,PRBDUM,PORDER, 4)

C222222222222222222222222222222222222222222222222222222222222222222222
C ~-- Method 2. Use only the filter estimate of the highest probability
c filter and then set that probability equal to one.

ELSE IF (ISLCT.EQ.2) THEN
PDUMMY ( PORDER( 4,Bank),Bank)=1.
CALL ACALC({ZXHP,PDUMMY,PORDER,d)

€333333333333333333333333333333333333333333333333333333333333333333333
C ~-- Method 3. Use all the filter estimates and their associated raw
o probabilities.

ELSE 1r (ISLCT.EQ.3) THEN
CALL ACALC(ZXHP,PRBDUM,PORDER,NFLTR)

CA4444444448444444438444444444444444044444844 044444204440 04941440140 04444 4
C --~- Method 4. Use the two highest filter probabjlities with their
c raw probabilities.

ELSE IF (ISLCT.EQ.4d) THEN
CALL ACALC(ZXHP,PRBDUM,PORDER,S)

€555555555555555555555555555555555555555555555555555555555555555555555
C --- Method 5. Use the two highest filter probabilities and readjust
o their probabilities so that the two equal one.

ELSE IF (ISLCT.EQ.5) THEN
TEMP=PRBNEW( PORDER( 4,Bank),Bank)+PRBNEW(PORDER(S,Bank),Bank)
PDUMMY ( PORDER( 4,Bank) ,Bank)=PRBNEW( PORDER( 4 ,Bank),Bank)/TENP
PDUMMY ( PORDER(S5,Bank),Bank )=PRBNEW( PORDER(S5,Bank),Bank) /TENP
CALL ACALC(ZXHP,PDUMMY,PORDER,S)

C222207020000220020222202222220022°020200202222222220222202222220222222227?
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C --- If ISLCT i{s anything besides 1 to 5, then the default will be
(o Method 3.

ELSE
CALL ACALC(ZXHP,PRBDUM,PORDER,NFLTR)

END 1T
RETURN

C END ADPCON

[ T T Y T Y Y P Y T T Y P T P Y T T T P Y T LT T T T T T Y YT

o T L P Y Y LYY P Y LY Y Y P L P P Y Y Y P Y Y P LT P Y T Y Y T

END
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SUBROUTINE PULLOUT

C‘.ll.‘..tt.........l.‘......t..'.‘.Q.iﬂ.l......Ql.‘..‘..‘O.ttll.l.t.....

C --- Pull out arrays from common block rawdat which remain constant .
(o among the controllers. .
c Recall MTXC32 {s a 3-d vector to 2-d vector conversion routine. .

CORNRARAARASARRARRNANRARRARARRARARAAARARNNARARAARANRAARNRANAGERANNARAARERNRARS

INCLUDE ’DECLARR.TXT’

Lo . .

C local variables

C vt et e e e s e e e e s e e e e

(o
ct.i‘t.......titt...t..tittit.t..i...0..'......t.tl..t.tti..‘lttﬁ.tt..
C --- Pull out the A, B, R, H, and CQDCNT matrices from

(of the raw data.
cttltt.....Qt..tt...'..ttﬁl.tti.‘.Qtt.....!t'.tttt.ttlt...'l.tlt.'i..t
[of WRITE(*,*) 'START PULLOUT’

CALL MTXC32(ZA,A,8,8,20,M0DELN,},0)
CALL MTxC32(2B,8,8,6,20,MODELN,1,0)

(o CALL MTXC32(2C,C,29,29,.0,MODELN,!,0)
CALL MTXC32(ZR,R,7,7,20,MODELN,1,0)

C WRITE(®,¢)’A’ A

C

CALL MTXC32(2ZH,H,7,14,20,M0DELN,1,0)

CALL MTXC32(2CQDCN,CQDCNT,8,8,20,MO0DELN,1,0)
cﬁ...'.Q.Q'!...t.ll......lt.!...tﬁ.lil...t...i...ﬁtlit.ﬂi........i..t.
C -~- Create a 7 X 29 HT from the 7 X 14 H matrix which is in the chosen
truth model file. This is done to retain matrix size integrity.
Where,

. H(1,14)
.,H(2,14)

H(7,1) ...,H(7,8),H(7,9),0,0,0,8(7,10),0,0,0,8(7,11),0,0,0,...,H(7,14)

O0OO0OO0OOOHOODOONO0O0

RANARARRARA AR RO E R A AR AARARANRARARAARNRAARRAGNARRARASAGRAARRARRRDRARAOGRED

DO 1031 IA-l,29
DO 1030 1B=1,7

IFr (IA.LE.8) THEN
HT(IB,IA)=H(IB,IA)

ELSEIF ((IA.EQ.9).OR.(IA.EQ.13).0R.(IA.EQ.17).0R,

& (IA.EQ.21).0R.(1A.EQ.25).0OR.(IA.EQ.29)) THEN

HT(IB,IA}=H(IB,INT(9+(1A-9)/4))

ELSE
HT(IB,IA)=0.

END P

1030 CONTINUE
1031 CONTINUE

c WRITE(*,*)’END PULLOUT’
RETURN

(o END PULLOUT
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SUBROUTINE EOM(T,X,DX)
C..Q..l...ﬁt.0‘.......!...i....l........t.'.....ti.t....ti.tlti.
REVISION BLOCK 12 JULY - 1l)common block CONTROLSZ modified
to include array AUNEW - 2) subroutine name change to
1STACT - ALSTACT; 2NDACT ~ A2NDACT; 4THACT - A4THACT - 3)
variables passed within ALSTACT,A2NDACT,A4THACT had names
modified to prevent an access error when changing a value
within a passing string that is a constant in the main
routine (ex: CALL AlSTACT(2,1,60.0,-60.0,2.0) in main
routine - SUBROUTINE AISTACT(IX,1Y,UPRTLIM,LWRTLIM,XBIAS)
one cannot change the value of ang of these variables
within the string since the variable value will not match
hardwired value in the original code. Yet we need to
convert these values from deg and deg/sec to rad and
rad/sec in the subroutine.) Pixed by changing names within
the subroutine argqumrent list; UPRTLIM -> AUPRTLIM etc

RARRN L AAARARBARASACRAARERR DS AR LR AR R RARARGRARS ORI ARRANCACEASERS

SUBROUTINE EOM calculates the incremental dynamics of the
air vehicle by passing a set of ordinary differential
equations to SUBROUTINE DEABM, a differential equation
solving routine. A 29 x 29 [A] matrix contains the data
describing the coefficients of the differential equations
to be solved simultaneously by DEZABM. SUBROUTINE EOM
calculates the effects from control surface deflections
and includes those incremental effects into the incremental
dynamic effects for a single sample period. The routine
includes actuator dynamics and position and rate limiting.
The true fourth order actuator dynamics models are
represented as first order within the systena.

Creation Date: 26 June 1991
Revigsion Date: 27 Nov 1991
Owner: USAF/ASD/APIT/EN
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D000 000000O0O0NONNO00

INCLUDE ‘DECLARR.TXT’

o
C local variab
C . .

« = s e s

o pse
B
[ 3

INTEGER I,J
REAL BNL(8,6),X(29),DX(29),T

REAL TPAl,TPA2,TPB2,TPC2,TPA4,TPB4, TPC4,TPD4,TPE4, XBIAS
COMMON/ACTVAL1/TPAL

COMMON/ACTVAL2/TPA2,TPB2,TPC2

COMMON/ACTVAL4/TPAL,TPB4, TPC4,TPD4,TPEL

DATA WFLAG,IACTORDR/0,1/

DATA TPAl1/20.2/

DATA TPA2,TPB2,TPC2/1.0,1.0,1.0/

DATA TPAd,TPB4,TPC4,TPD4, TPE4/1.4925372+07,268.67,2.53731E+04,
£1.1492537E406,1.492537E+07/

MAIN PROCESSING ALGORITHMNM o
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O OO0 0000 00N 00O OONAOOOONHN

ano

Nnoo

BO0NOOHNO OO0

- - e - e > - = = e - - . e - = o - . . - - - - -

X(1l) - THETA X(9) <~ LEFT STABILATOR POSITION

X(2) - VELOCITY X{(10) - LEFT STABILATOR RATE

X{3) ~ ALPFA X(11) - LEFT STABILATOR 3RD STATE

X(4) - PITCHRATE X(12) - LEPT STABILATOR 4TH STATE

X{5) - ROLL ANGLE

X(6) - BETA X{13) - RIGHT STABILATOR POSITION

X{(7) - ROLL RATE X(14) - RIGHT STABILATOR RATE

X(8) - PITCH RATE X{15) - RIGHT STABILATOR 3RD STATE
X(16) - RIGHT STABILATOR {TH STATE

X(17) - LEFT FLAPERON POSITION

X(18) - LEFT FLAPERON RATE

X{19) - LEFT STABILATOR 3RD STATE

X(20) - LEFT STABILATOR 4TH STATE

X(21) - RIGHT FLAPERON POSITION

X{(22) - RIGHT FLAPERON RATE

X(23) - RIGHT PFLAPERON 3IRD STATE

X{24) - RIGHT FLAPERON {TH STATE

X(25) - RUDDER POSITION

X(26) - RUDDER RATE

X(27) - RUDDER 3RD STATE

X(28) - RUDDER dTH STATE

X(29) - LEADING EDGE FLAP POSITION

INITIALIZE [B]) MATRIX

DO1 =« 1,8
DO J = 1,6
BNL(1,J) = B(I,J)

ENDDO
ENDDO
WRITE(*,*)’EOM SUBROUTINE '
WRITE(*,*)’'B MATRIX = ',B

DO 1Is1,4

WRITE(*,*)('A(’,1,",",3,') ',A(1,3),J=1,4)
ENDDO

DO 1-1,8

WRITE(*,*)(’BNL’,I,’,',J,') ',BNL(1,0),J=1,6)
ENDDO

~-=- Allow 29 - state truth model to incorporate actuator dynamics
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C
C

C

or the Dryden wind model (future expansion) or both.

~~= AIRCRAPT PERTURBATION STATES
DX({1l) « A{1,1)¢X{1) & A(1,2)%X(2) + A(1,3)X{3) +»
DX{2) = A(2,1)%X(1) + A(2,2)*X(2) + A(2,3)*X(3) +
DX{3) = A(3,1)eX(1) + A(3,2)*X(2) + A(3,3)*X(3) «
DX(4) = A(4,1)*X(1) + A(4,2)*X(2) « A(4,3)*X(3) +
DX{S) = A(S5,5)*X(S) + A(S,6)*X(6) + A(S,7)eX(7) +
DX(6) = A(6,5)*X(5) + A(6,6)%X(6) + A(6,7)*X(7) +
DX{7) = A(7,5)*X(5) + A(7,6)*X(6) + A(7,7)*X(7) +
DX(8) = A(8,5)*X(S) + A(8,6)*X(6) + A(B,7)*X(7) +
--- ACTUATOR STATES (initialized to zero)
------ DIFFERENTIAL LEFT STABILATOR ----- (4TH ORDER
DX{(9) =« 0.
DX(10) = 0.
OX(11) = 0.
DX(12) =« 0.
------ DIFFERENTIAL RIGHT STABILATOR ---- (4TH ORDER
0Dx(113) .
DX(14) = 0.
DX(15) = 0,
DX{16) = 0,
------ LEFT PLAPERON --wv--cwvccecuwu—co—eeo—- (4TH ORDER
DX(17) = 0.
DX(18) = 0.
DX(19) = 0.
DX(20) =« 0.
------ RIGHT PLAPERON -------cc-wcece—ee-= (4TH ORDER
DX(21) = 0.
DX(22) = 0,
DXx(23) = 0.
DX(24) = 0.
------ RUDDER ~—-c--mrcccccccceccacc-~--~ (4TH ORDER
DX(25) = 0.
DX(26) = 0,
DX(27) = 0.
DX(28) = 0.
------ LEADING EDGE PLAP «~---=--cwe-—-=-—= {1ST ORDER

0X(29) = 0.

PIIPIIIPIPY
AR AAAA
DAOVAWN
NI
X X- N S W
—— - e
LEL AR 3 28 2N BN B 2
2 3¢ 3¢ 3¢ 2 X X
PASASAGAPASAPAPAY
LY X Y ¥ WS
—— e et o e e

ACTUATOR)

ACTUATOR)

ACTUATOR)

ACTUATOR)

ACTUATOR)

ACTUATOR)

INCREMENTS TO THE EQUATIONS OF MOTION DUE TO ACTUATOR EFFECTS

DX(2) = DX(2) + BNL(2,1)*X(9) + BNL(2,2)*X(13) + BNL(2,3)*X(17)
&+ BNL(2,4)*X(21) + BNL(2,6)*X(29)

DX{3) = DX(3) + BNL(3,1)*X(9) + BNL(3,2)*X(13) +
&+ BNL(3,4)*X(21) + BNL(3,6)*X(29)

DX(4) = DX(4) + BNL(4,1)*X(9) ¢ BNL(4,2)*X(13) +
&+ BNL(4,4)*X(21) + BNL(4,6)*X(29)

DX(6) = DX(6) ¢ BNL(6,1)*X(9) + BNL(6,2)*X(13) +
&+ BNL(6,4)*X(21) + BNL(6,S5)*x(25)

DX(7) = DX(7) ¢ BNL(?7,1)9X(9) ¢ BNL{7,2)%X{13) «
&+ BNL(7,4)*X(21) + BNL(7,5)*X(25)
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DX(8) = DX(8) + BNL(8,1)*X(9) + BNL(8,2)*X(13) + BNL(8,3)*X(17)

&+ BNL(8,4)%X(21) + BNL(8,5)*X(25)

INCREMENTS TO THE EQUATIONS OF MOTION DUE TO ACTUATOR EFFECTS

DX(2) = DX(2) + BNL(2,1)*AUNEW(1l) + BNL(2,2)*AUNEW(2)
& + BNL(2,3)*AUNEW(3) + BNL(2,4)*AUNEW(4) + BNL(2,6)*AUNEW(6)

DX(3) = DX(3) ¢ BNL(3,1)*AUNEW(1) + BNL(3,2)*AUNEW(2)
& + BNL(3,3)*AUNEW(3) + BNL(3,4)*AUNEW(4) + BNL{(3,6)*AUNEW(6)

DX(4) = DX(4) + BNL(4,1)*AUNEW(1) + BNL(4,2)*AUNEW(2)
& ¢ BNL(4,3)*AUNEW(3) + BNL(4,4)*AUNEW(4) + BNL(4,6)*AUNEW(6)

DX(6) = DX{6) + BNL(6,1)*AUNEW(1) + BNL(6,2)*AUNEW(2)
& + BNL(6,3)*AUNEW({3) + BNL(6,4)*AUNEW(4) + BNL(6,5)*AUNEW(S)

DX(7) = DX(7) + BNL{7,1)*AUNEW(1) + BNL(7,2)*AUNEW(2)
& + BNL(7,3)*AUNEW(3) ¢ BNL(7,4)*AUNEW(4) + BNL(7,5)*AUNEW(S)

DX(8) ® DX(8) ¢ BNL(8,1)*AUNEW(1) + BNL(8,2)*AUNEW(2)
& + BNL(8,3)*AUNEW(3) + BNL(8,4)*AUNEW(4) + BNL(8,S5)*AUNEW(S)

................................................................ C
ACTUATOR rErrecrTs C
................................................................ c
- complete actuator reponses -~
NOTE: SRARO RN RN A AR AR R A RANRR AN OR R R AR AS AR A RAASQRAGRARPRAARARR DRSS
L ]
A1STACT, A2NDACT, A4THACT provide complete actuator packages *
including rate limiting, the appropriate lags, and filters, .
and position limiting. .
]
AEAAR DR A AERRR AR REARRRARDRARRARRREEERARARRARRAARREARNORRORAONE

-------------- Differential Stabilators ----~~~------
-=--- LEPFT STABILATOR -~---- DX(9) - DX(12)

The flag IXVALZ controls which elements within the DX and
X arcay are utilized for each control surface

IP(IACTORDR.EQ.1)CALL AISTACT(X,DX,9,1,60.0,-60.0,
621.0,-21.0,2.0)

IP({IACTORDR.EQ.2)CALL A2NDACT(X,DX,9,1,60.0,-60.0,
€21.0,-21.0,2.0)

IP(IACTORDR.EZQ. 4)CALL A4THACT(X,DX,9,1,60.0,-60.0,
621.0,-21.0,2.0)

~—=- RIGHT STABILATOR ---~ DX(13) - DX(16)

IP(IACTORDR.EQ.1)CALL AISTACT(X,DX,13,2,60.0,-60.0,
$21.0,-21.0,2.0)

I7( IACTORDR.BQ.2)CALL A2NDACT(X,DX,13,2,60.0,-60.0,
$21.0,-21.0,2.0)

IP(IACTORDR.EQ.4)CALL A4THACT(X,DX,13,2,60.0,-60.0,
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€21.0,-21.0,2.0)

B e ~--~ Leading Edge Flap ------ DX(29)
CALL AlSTACT(X,DX,29,6,30.0,-30.0,25.0,-2.0,0.0)

C ~ormermmmmceeeeo Differential Flaperons ----wc-------

o ---- LEFT PLAPERON ---- DX(17) - DX(20)

IP{IACTORDR.EQ.1)CALL AlSTACT(X,DX,17,3,61.0,-61.0,
€20.0,-23.0,1.95)

IP(IACTORDR.EQ.2)CALL A2NDACT(X,DX,17,3,61.0,-61.0,
620.0,-23.0,1.5)

IP(IACTORDR.EQ.4)CALL A4THACT(X,DX,17,3,61.0,-61.0,
€20.0,-23.0,1.5)

c -~-- RIGHT PLAPERON ~--- DX(21) - DX(24)

IP(IACTORDR.EQ.1)CALL AlSTACT(X,DX,21,4,61.0,-61.0,
620.0,-23.0,1.5)

IP(IACTORDR.EQ.2)CALL A2NDACT(X,DX,21,4,61.0,-61.0,
€20.0,-23.0,1.5)

IF(IACTORDR.EQ.4)CALL A4THACT(X,DX,21,4,61.0,-61.0,
£20.0,-23.0,1.5)

C commmmmm et Rudder ---~------ DX(25) ~ Dx(28)

IP(IACTORDR.EQ.1)CALL A1STACT(X,DX,25,5,120.0,-120.0,
£30.0,-30.0,0.0)
IP(IACTORDR.EQ.2)CALL A2NDACT(X,DX,25,5,120.0,~-120.0,
£30.0,-30.0,0.0)
IP(IACTORDR.EQ.4)CALL A4THACT(X,DX,25,5,120.0,~-120.0,
§30.0,-30.0,0.0)

C WRITE(*,*)’ AUNEW = ‘ AUNEW
(of WRITE(*,*)’ END EOM’

RETURN
¢ END EOM

CoORanR Rt dd et dRtRaRaRAddadRaRRRtRatReadddtadtdtARGRRRARdARS
CEet e B AR AR et ReddRaRARSARARARaRRARARRRARRARAARARRRAARARARSERSRD

END
(o
[ et i e i T T T E T SIS C
o c
C SUBROUTINE SECTION (o
c ¢
[ bl ittt ettt C
(o
C
(o
€ crmrcrrrtccc e e a e e, rm— e e e e ——r—_e e ———
(o PROCESS SUBROUTINES
o P gy g Y
[
[
SUBROUTINE AL1STACT(X,DX,IXVALZ, IXAUNEW,AUPRTLIN,
GALWRTLINM,AUPPOSLNM,ALWPOSLM AXBIAS)
[
c BARRRRBRA R AR AP AN AD AR OO RRRRNE O AARRNARACRARERARADRAONARNRRS
c L] *
C * SUBRQUTINE AISTACT calculates a 1st order actuator *
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response. This routine constructs a first order
state cgaco model using the ONESS routine, rate
limit the signal, subtract a mechanical bias and
position limit the surface command.

[ ]

*

*

L]

[ ]

L]

L ]

Creation date: 27 June 1991 .
Revision date: 27 Nov 1991 .
owner: USAF/ASD/AFIT/EN *
»
]

!.t.......i..i.tti..i.‘.t‘i.i...tt.t.l.t.li.l..ltl...

INCLUDE 'DECLARR.TXT'

REAL TPAl,UPRTLIM,LWRTLIM,UPPOSLIM,LWPOSLIM,6 XBIAS
REAL DX(29),X(29}
COMMON/ACTVAL1/TPAL

CALL ONESS{X,DX,IXVALZ,6 IXAUNEW)

CONVERSION ROUTINE - convert bias, rate and position
limits to rad and rad/sec since the signal is in rad and
rad/sec

DTOR = 3.1415926/180.0
XBIAS = AXBIAS*DTOR
UPRTLIM = AUPRTLIM*DTOR
LWRTLIN = ALWRTLIM*DTOR
UPPOSLIM = AUPPOSLM*DTOR
LWPOSLIM = ALWPOSLM*DTOR

subtract mechanical bias terms

X(IXVALZ) = X{IXVALZ) - XBIAS

rate and position limit the surface commands
write(®,*)’ 1st order act '

I?((X(XXVALZ#I).G!.UPRTLIH).AND.(DX(IXVALZ#I).GT.0.0))TH!N
DX(IXVALZ+1)=0.0
weite(*,*)’ upper rate limited’

ENDIP

IP((X(XXVALZ¢1).L!.LHRTLIN).AND.(DX(XXVALZ#l).LT.0.0))TH!N
DX(IXVALZ+1)}~0.0
WRITE(*,*)’ lower rate limited’

ENDIP

IP((X(IXVALZ).G!.UPPOSLIH).AND.(DX(IXVALZ).GT.0.0))TH!N
DX(1XVALZ)=0.0
WRITE(*,*)’ upper position limited’

ENDIP

Ir((X(IXVALZ).L!.LNPOSLIH).AND.(DX(IXVALZ).LT.0.0))THEN
DX(IXVALZ)=0.0
WRITE(*,%)* lower position limited’

ENDIP

RETURN
END

- - - > - e S wn e e
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SUBROUTINE A2NDACT(X,DX,IXVALZ,IXAUNEW, AUPRTLIN,
CALWEFTLIM,AUPPOSLM,ALWPOSLM,AXBIAS)

[(E R R R R R E RN R E R RN RR R R R EENEERENEEEEEESREEE R EERNREEEEEERE RN

*
SUBROUTINE A2NDACT calculates a 2nd order actuator ¢
response. This routine constructs a second order
state space model using the TWOSS routine, rate *
limit the signal, subtract a mechanical bias and *
position limit the surface command. -
*
*
L ]
[ ]
*
*

Creation date: 27 June 1991
Revigion date: 11 July 1991
Owner: USAF/ASD/AFIT/EN

L 0 B R BN 2N BE BN BN N N

AARRAGRARARRSARNRARRRRARRARARARARRNORGANGOARARRARRRDERRAR

INCLUDE ‘DECLARR.TXT'

REAL TPA2,TPB2,TPC2,UPRTLIM,LWRTLIM,UPPOSLIM, LNPOSLIM, XBIAS
REAL DX(29),X(29)
COMMON/ACTVAL2/TPA2,TPB2,TPC2

CALL TWOSS(X,DX,IXVALZ, IXAUNEW)

CONVERSION ROUTINE - convert bias, rate and position
limits to rad and rad/sec since the signal is in rad and
rad/sec

DTOR = 3.1415926/180.0
XBIAS = AXBIAS*DTOR
UPRTLIM = AUPRTLIM*DTOR
LWRTLIM = ALWRTLIM*DTOR
UPPOSLIM = AUPPOSLM*DTOR
LWPOSLIM = ALWPOSLM*DTOR

subtract mechanical bias terams

X(IXVALZ) = X{IXVALZ) - XBIAS
rate and position limit the surface commands

IF({X(IXVALZ+1).GE.UPRTLIM).AND.(DX(IXVALZ+1).GT.0.0))THEN
DX( IXVALZ+1)=0.0

ENDI?F

IP((X{IXVALZ+1).LE.LWRTLIM).AND.(DX(IXVALZ+1).LT.0.0))THEN
DX(1XVALZ+1)=0.0

ENDIF

IF((X(IXVALZ).GE.UPPOSLIM).AND.(DX(IXVALZ).GT.0.0))THEN
DX(IXVALZ)=0.0

ENDIP

IP((X(IXVALZ).LE.LWPOSLIM) .AND.(DX{IXVALZ).LT.0.0))THEN
DX(IXVALZ)=0.0

ENDIF

RETURN
END

SUBROUTINE AdTHACT(X,DX,IXVALZ, IXAUNEW,AUPRTLIN,
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GALWRTLINM,AUPPOSLM,ALWPOSLM, AXBIAS)
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SUBROUTINE A4THACT calculates a 4th order actuator
response. This routine constructs a fourth order
state space model using the FOURSS routine, rate
limit the signal, subtract a mechanical bias and
position limit the surface command.

Creation date: 27 June 1991
Revision date: 11 July 1991
Owner: USAF/ASD/AFPIT/EN

LI I B BN R 2 BN BN BN IR 2N 4

.
®
1 ]
*
[ ]
L]
]
]
L]
*
*
1]

(AR R R R R ERN SR N EE SR ER RN ERERERERNEREEEEENEREEEEERERRERRE]

INCLUDE ’DECLARR.TXT’

INTEGER IXVALZ, IXAUNEW

REAL TPA4,TPB4,TPCA,TPD4, TPE4,UPRTLIM, LWRTLIN,  UPPOSLINM,
&LWPOSLIN,XBIAS,DTOR

REAL DX(29),X(29)
COMMON/ACTVALA/TPA4,TPB4, TPCU,TPD4, TPEL

WRITE(*,*) 'DX(IXVALZ):’ ,DX{IXVALZ),DX(IXVALZ+]1)
CALL FOURSS(X,DX, IXVALZ, IXAUNEW)
WRITE(*,*) 'DX{IXVALZ):’,DX(IXVALZ),DX({IXVALZ+1)

CONVERSION ROUTINE - convert bias, rate and position
limits to rad and rad/sec since the signal is in rad and
rad/sec

DTOR = 3.1415926/180.0

XBIAS = AXBIAS*DTOR

UPRTLIM = AUPRTLIM*DTOR

LWRTLIM « ALWRTLIM*DTOR

UPPOSLIM = AUPPOSLM*DTOR

LWPOSLIM o ALWPOSLM*DTOR
WRITE(®*,*)UPPOSLIM, UPRTLIM,LWPOSLIM, LWRTLIN
subtract mechanical bias terms

X(IXVALZ) = X{IXVALZ} - XBIAS

rate and position limit the surface commands

WRITE(*
WRITE(*

+*)'X(IXVALZ),UPPER POS LIMIT'’,X(IXVALZ),UPPOSLIM
,*)'DX(IXVALZ) =’ ,DX(IXVALZ)
WRITE(*,*)’X{IXVALZ),LOWER POS LIMIT’,X(IXVALZ),LWPOSLINX
WRITE(*,*)’'DX(IXVALZ) =’ ,DX(IXVALZ)
WRITE(*,*)’X(IXVALZ+1),UPPER RATE LIMIT',X(IXVALZ+1),UPRTLIN
WRITE(*,*) 'DX{IXVALZ+l) «’,DX(IXVALZ+1)
WRITE(*,*)’'X{IXVALZ+1),LOWER RATE LIMIT',X(IXVALZ+1),LWRTLIM
WRITE(*,*) ' 'DX(IXVALZ+1l) =',DX(IXVALZ+1)

IP(IXVALZ.EQ.9)THEN
WRITE(*,*)'X(9-10)',X(9),X(10)
ENDIF

IF(IXVALZ .EQ.13)THEN
WRITE(*,*)'X(13-14)',X(13),X(14)
ENDIF

IP{(X(IXVALZ+1).GE.UPRTLIN).AND, (DX(IXVALZ+1).GT.0.0))THEN
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DX(IXVALZ+1}«0.0

ENDIP

I!((X(IXVALZ‘I).L!.LHRTLXH).AND.(DX(XXVALZol).LT.0.0))TH!N
DX{IXVALZ+1)=0.0

ENDIPF .

If((X(IXVALZ).G!.UPPOSLIH).AND.(DX(IXVALZ).GT.0.0))THEN
DX({IXVALZ)=0.0

ENDI?

IP{(X({IXVALZ).LE . LWPOSLIM). .AND.(DX(IXVALZ).LT.0.0))THEN
DX( IXVALZ}=0.0

ENDIF

IP(X(IXVALZ+1).GE.UPRTLIM AND.DX(IXVALZ+1).GT.0.0)THEN
WRITE(®,*)’UPPER RATE LIN , ACT = :',IXVALZ

ENDIP

IF(X(IXVALZ+1).LE.LWRTLIM.AND.DX{IXVALZ+1).LT.0.0)THEN
WRITE(*,*)’' LONER RATE LIN , ACT = :',6IXVALZ

ENDIP

IP(X(IXVALZ).GE.UPPOSLIH.AND.DX(IXVALZ).GT.0.0)TH!N
WRITE(*,*)'UPPER POS LIN , ACT = :',IXVALZ

ENDIP

X?(X(IXVALZ).L!.LWPOSLXH.AND.DX(IXVALZ).LT.0.0)THEN
WRITE(*,*)'LOWER POS LIM , ACT = :',1XVALZ
ENDIF

C WRITE(*,*)’ PCSITION LIMIT - DX(IXVALZ) ' ,DX{IXVALZ)
C WRITE(*,*)’ RATE LIMIT - DX(IXVALZ) ' ,DX({IXVALZ+1)
RETURN
END

SUBROUTINE ONESS(X,DX,IXVALZ, IXAUNEW)

..t.Qtt.'t......'tt.ti.ﬁt..'l't..l..‘i....ﬁ..t..t.i..

SUBROUTINE ONESS provides a first order
state space model representing a first order
actuator

rorm: O(t) TPA

L] L ]
* [ ]
[} *
'Y *
* *
» *
* - ® eem—ae—- ]
* e) S + TPA .
* *
» -
* Creation date: 28 June 1991 *
» »
* -
* L ]
'Y *

Revision date: 11 July 1991
Owner: USAF/ASD/AFIT/EN

NNNANANNNONNAANN AONAONNONO

..tﬁ..tl.i.ﬁ...t..iil...'..lt.....Qt.tt....i.......

INCLUDE 'DECLARR.TXT’

REAL TPAl
REAL DX(29),X(29)

COMMON/ACTVAL1/TPAL

C hardwire actuator lag coefficient for lst order modeling
¢ of higher order actuators except the leading edge flap
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IP(IXVALZ.NE.29)THEN
TPAL = 20.2

ELSE
TPAlL = 16.0

ENDIFP

DX(IXVALZ) = -TPAl*X(IXVALZ) ¢+ TPAL*AUNEW(IXAUNEW)

IP(IXVALZ.NE.29)THEN
DX({IXVALZ + 1) = 0
DX(IXVALZ + 2) = 0
DX(IXVALZ + 3) = 0

ENDIPF

.0
.0
.0

RETURN
END

- - - s - = = = - -

SUBROUTINE TWOSS(X,DX,IXVALZ, IXAUNEW)

ABAARARRANARERAARR DR RN RGN ARARCRNS O AR O AR SRR GRACENAN

SUBROUTINE TWOSS provides a second ordec
state space model representing a second order
actuator

Form: O(t) TPA

- - - - - - -

[ ] *
* »
* [ ]
L] *
3 *
L] *
* -
. I(t) $°2 +TPBS +TPC *
- L]
L ] L ]
* *
- L]
[ ] *
L ] -
* L]

Creation date: 28 June 1991
Revision date: 11 July 1991
Owner: USAFP/ASD/AFIT/EN

CRRRRRRAANRR AR A NSRS R RN R AR ARRASAGARNERARRRRRARRDRARR

INCLUDE 'DECLARR.TXT'

REAL TPA2,TPB2,TPC2
REAL DX(29),X(29)

COMMON/ACTVAL2/TPA2,TPB2, TPC2

DX{IXVALZ) = X(IXVALZ + 1)

DX(IXVALZ + 1) = -TPB2*X{1XVALZ+1l) - TPC2*X(IXVALZ)
&+ TPA2*AUNEW( IXANEW)

DX(IXVALZ + 2) = 0.0

DX(IXVALZ + 3) = 0.0

RETURN
END

- - e p e o e e e e A -

SUBROUTINE FOURSS(X,DX,IXVALZ, IXAUNEW)

CEARARRAMORARNRERARA AR ARARRRNRARARARRNAAARARRR AN DRRARARAR

* | ]
* SUBROUTINE FOURSS provides a fourth order *
* gstate space model representing a fourth order .
* actuator *
* L]
* Porm: O(t) TPA *
[ ] -—--— B e e e —— - . - - - - *
. I(t) §°4 +TPBS"3 +TPCS5"2 + TPDS + TPE *
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L] ]
- ]
* (Creation date: 28 June 1991 *
¢ Revision date: 11 July 1991 .
¢ Owner: USAF/ASD/AFIT/EN .
] ]
L] L]

SARAB AR ERAARAARNARR R AR A ARR AN NRARRARARARRARRREAANRARAR

INCLUDE ’'DECLARR.TXT’

REAL TPA4,TPB4,TPCd,TPD4,TPEYS
REAL DX(29),X(29)

COMMON/ACTVAL4/TPA4,TPB4, TPC4, TPD4, TPEL
WRITE(*,*)’ACTUATOR CONSTANTS'
WRITE(*,*)TPA4,TPB4,TPC4, TPD4, TPE4

DX(IXVALZ) = X(IXVALZ + 1)

DX(IXVALZ ¢ 1) = X(IXVALZ + 2)

DX(IXVALZ + 2) = X(IXVALZ + 3)

DX(IXVALZ + 3) = -TPE4*X(IXVALZ) - TPD4*X(IXVALZ + 1)
&-TPCA4*X(IXVALZ + 2) ~ TPBA*X(IXVALZ ¢+ 3) + TPA{*AUNIW(IXAUNEW)

RETURN
END
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SUBROUTINE KFILT(T,X,DX)
CRAR AR AN R AR R AR AR AR A RN R AN AR AR AR AR AR NP AN S RRERARAARARRERRARRERRARS

c Subroutine to incorporate the Kalman fillter into the loop.
ctt..ﬁ.h...‘.0...0.....0....ltl.l...iQ....'ll....it..l...lt‘lﬁtl.i.t.ﬁ

INCLUDE ’'DECLARR.TXT’

.v.l'r.l.a.b.l...g-

« e s e s e + 4 e & o«

C .
c lo
[ .

Y

. e

REAL AWORK(14,1),BWORK(14,1)

REAL XHP(14),XHM(14),GKF(14,7),X(29),DX(29)
REAL PRBOLD(20,15),PRBTMP(20,15),ZXHM(14,20)
REAL PHIX(14,14),BD(14,6),2XHP(14,20)
INTEGER 1I,J,K,IPLTR

SAVE ZXHM,PRBOLD,PRBTMP,ZXRP

c.‘iﬁ.....it‘..‘ll.ltl.li‘..QQtl.0t..t.t..lt.lt..ti‘........lt'l.t...'

C --~ Set PRBOLD to the last probabilities from last time through and
Cc zero out PRBTMP.

CREMRAAMARARARCARADRARARARARRARRARARARNNARR AR AN AR AR ARAANRARAARESTARANAANRS

IFr ((Bankflag.eq.l) .and. (initv2.eq.0)) THEN
DO 1781 ti=§,nfltr(bank)
PRBOLD(ti,bank )=PRBNEW(ti,6 bank)
PRBTMP(ti, bank)}=0.0
1781 Continue

Initv2sl
END IPF
Ctl.t'l.t.!itt.titttt't.ill'ttl..Q.ttt.i...l....t.l'..tli.t.t.t.l.t.i.
C --- If this is the first call to KFILT after the start of a time
C responge loop, inidicated with INITVel, initialize variables,
c Do to 20 for hierarchical modeling.

CrrtRAddddtddatdRddadddttRadtbdtadtdsdfadbdtdtdndidddtdrtitediandannds

1P (INITV.EQ.1) THEN
PO 20 1=1,20

DO 10 J=1,14
ZXHP(J,1)=0.
TXHM(J,1)=0.

10 CONTINUE

IP ((I.ne.modelnl) .and. (l.ne.modeln?2)
+ .and. (l.ne.modelnl)) THEN
PRBOLD(I,Bank)e(1.-PRBFLTRTO)/FLOAT(NFLTR(Bank)-4)
I? (l.eqQq.4) PRBOLD(I,Bank)=PRBPLTRTO
PRBTMP(I,Bank)=0.
END 1T

20 CONTINUE
INITV=0
END 1P

Cl.tt...It‘!.i.ttt.t.tt.'ﬁ..Q"..ll.lt..li.t!QQtt.‘llttil.l‘.l.tltil.t
C --- Calculate new Xhat+ (XHP) and un-normalized probabilties (PRBTMP)

(i.e., numerator of equation 10-104 of Ha¥bcck -- for our implementation
we can either strip off the beta term or leave as is by setting the
BETAPLG to 0 or 1, respectively) by calls to UPDATE for each of the
NFLTR total elemental filters.

OOONONO

-~- Alro calculate the weighted sum of Xhate (XHPSUM), which is done by
a call to ADPCON which is then passed to CONTROLLER to compute the
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(o input to the actuators (AUNEW).

C.tti.i.tI..Qi..'.ﬂ..ltit.l.tt.t....l.ﬁ.l.i......l...Qt...‘.t....l.i..

0O 100 IFLTR«1,NFLTR{Bank)
IF ((IFLTR.ne.modelnl) .and. (IFLTR.ne.modeln2)
+ .and, (IFLTR.ne.modelnl)) THEN

CALL MTXC21(ZXHM,XHM,14,20,1IPLTR,1,0)

CALL MTXC21l(2XHP,XHP,14,20,IPLTR,1,0)

CALL MTXC32(2GKF,GKF,14,7,20,1FLTR,bank,0)
CALL UPDATE(XHM,XHP,GKF,PRBTMP, PRBOLD,IFLTR,T)
CALL MTXC21(ZXHP,XHP,14,20,IFLTR,1,1)

END 1P
100 CONTINUE

C..t'.t..'....t..l...tﬁi.'Qil...i.‘tl...‘i.‘t.t.t.t...Q..‘..QI‘.....I.

C --- Calculate the weighted sum Xhat+ (XHPSUM).

CRRaRARARRANAREARARNAARRRNADRGNARI IR AN IIAAN IO S AN N R AR NSRARABANRAARRARAS

CALL ADPCON(PRBTMP,PRBOLD, ZXHP)
CAN A A AR AR AN AR AR A AR A ARG AR N AR R AR AR AR RO ARRAN R RS ERR RN A RARAGNERARRNARS

C --- Calculate the control vector (AUNEW).

CHRAR R A AR A RARARARRRRARRRNAARAARR RN AR RRANAARCARSOR RN ARDANSRAASRAARR RN

CALL CNTRL(T,X,DX)

Crtanatatdd ARt ARl add Rttt ad Rttt tARRRNARaARARORdRRRREOARRRARRARORRRRY

C --- Propagate estimate forward in time (create a new Xhat-)
C but do not propagate it for the actual aircraft
C configuation (indicated by modelnl, modeln2, and modeln3.)

CHEdt ARt AR AR d A AR RRARRARRARRRSRAARARAARRARRARRRRRARARRARRANAGRARNRAERY

DO 200 K=),NFLTR(Bank)
1? ((K.ne.modelnl) .and. (K.ne.modeln2)
+ .and. {K.ne.modeln3)) THEN

CALL MTXC21(ZXHP,XHP,14,20,K,1,0)

CALL MTXC32(1BD,8D,14,6,20,K,bank,0)

CALL MTXC32(2ZPHIX,PHIX,14,14,20,K,bank,0)
CALL MATML(PHIX,XHP,AWORK,14,14,1)

CALL MATML(BD,AUNEW,BWORK,14,6,1)

CALL MATAD(AWORK,BWORK,XHM,14,1)

CALL MTXC21(ZXHM,6XHM,614,20,K,1,1)

g /////////////////éégé/é:é///////////////////////////
c ////////////////////////////////////////////////////
C F((T.GE.3.0).AND.(T.LE.3.3))THEN
(of IP(K EQ. 4 ) THEN
C WRITE(18,*)'KFILTER §',K,’ AT TIME ',T
c WRITE(18,*)’'XHP’,XHP
C WRITE(18,*) 'PHIX',PHIX
C WRITE(18,*)’AWORK’ , AWORK
c WRITE(18,*)’'BD ’,BD
C WRITE(18,%)'AUNEW’ ,AUNEW
c WRITE(18,*)'BWORK',BWORK
(o WRITE(18,*)'XHM' , XHNM
C WRITE(18,%)’'2XHM’',ZXHN
C ENDIF
C END IF
END IF
200 CONTINUE

RETURN

(of END KPILT

Y PP P P L DL PR P L L L P L LD DL L Ll L L Ll ol Ll oh ol bl il

(o TP LT PSR LLLL LY DAL L L DL DLl Ll bl bl LAl b ded ool ol Aol g
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SUBROUTINE UPDATEZ(XHM, XHP,GKF,PRBTMP,PRBOLD,IFLTR,T)
CANRAR AR AR R C AR AR A AR A AR SRR R R R AR RO RN IR B ARAREENRRRARRANARRARRGEARRORORARSR

C Subroutine called from KFILT that updates the state estimates
C using the latest measurement vector, it also calculates the
c residuals, the individual scalar residuals, and the probability

Crtaddds A AdARAdRRaddtRRRRRtad AR ettt tARssd sttt bbARGaRtRdtatbcnts

INCLUDE ’'DECLARR.TXT'

1

« O
PR I
o« e

i .v.a'r.i'a'b.l.o.l'

INTEGER INDX,IFAIL,IFLTR,ITEMPZZ, ITEMPBAZ

REAL CWORK(7,1),DWORK(7,1),EWORK{14,1),FWORK(]1,7),GWORK(1,1)
REAL XHM(14),XHP(14),GKPF(14,7),RESID(7,1),TRESID(]1,7)

REAL PRBOLD(20,15),PRBTMP(20,15),AK(7,7),AKINV(7,7),THP]

declaration for code checking variables

(s XsXel

REAL hfltdum(7,8),xfltdum(8,1),zf1tstat(?7,1).
REAL hfltcon(?7,6),xfltcon(6,1),z€fltcon(?,1)

double precision ssqqrt
double precision sumrake(?)
double precision Ck,Ckl
integer jk

Cttt.!.t...Qlt.'.t.l..Q.i.'iit.i........‘i...l..‘ﬂ“..‘l..ltt...l.tl..
itime =« The current time.

o rakr « The residual vector transpose times the Ak

c inverse matrix times the residual vector.

c tik = [Indicates which Monte Carlo iteration is

c in progress.

c [ = Number of sengors.

c sumrakr = The sum of rakr used in the Log Likelihood

c calculation.

Cttt.it..i.tttti'...ti.ii.l.itt..i.l‘.lﬁt...hiﬁittilitt..ttti....ti...
n=7.0
pi=3.141592654

COMRAARAARAARANARRA AN AR R AR ARR AR EARN AR ARARRRARARRARANRASARNARARARARARS

C --- Zero out sumrakr array.
AR RARERAEERRERRRE AR R R R R R AR R R RRRRRRRRRRRERRR SRS

bo 11 jkel,?
sumarakr(3jk)=0.0
11 Continue

CErRARRR AR R A AR ARNRANNRARR AR AR RN SARANNERAARANARNR AR AR A NAARRARSANRANORANS

C --- Update Xhat- with latest measurement data.
(o 80 that Xhat+eXhat- + K({z ~ HXhat-)

CRARAARNRAANAARARARAARAARARRORRRARC AR ARANANRRAARNACRRARBARRARAARNRRIRAORSRR

CALL MTXC32(ZH,H,7,14,20,IFLTR,bank,0)
CALL MATML(H,XHEM,CWORK,7,14,1)
CWORK(4,1})=0.0
CWORK(7,1)=0.0
/////////////éégé/é;éé(////////////////////////////////
L1700 7 777770770077 070777777777/7// 7, 7/ 777707777777
IP((T.GE.3.0).AND.(T.LE.3.3)})THEN
IP(IPLTR.EQ.4)THEN
WRITE(18,#*)’PILTER §',IPLTR
WRITE(18,*)'H ', 8

QNN » e 50N
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[ XXz XaXel

c

WRITE(18,¢) ' XHM’ , XHN
WRITE(18,*)72’,2
ENDIP

ENDIY
VI P0222002002720020704244240270441024477000044444ledies

CALL MATSB(2,CWORK,DWORK,7,1)

IP((T.GE.2.95).AND.(T.LE.3.3))THEN
IF{IFLTR.EQ.5S)THEN

do ifltdum=l,?
do jtltdul-l,s
hfltdum(iflitdum, jfltdum)=h(ifltdum, jfltdum)
enddo

enddo

do ifltdum « 1,8
xfltdum{ifltdum,l)=xhm(ifltdum)
enddo

CALL MATML(hfltdum, xfltdum,zfltstat,7,8,1)

write(19,*)’filter 45 state portion of he*xhat-’
write(19,*)'time, h’

write(19,*)t, hfltdum

write(l19,*)’ x '

write(19,*)xtltdua

write(l19,*)’ s '

write(l9,*)zfltstat

controller portion broken out of h matrix for check

do ifltdua=1,?
do jfltdu--l 6
htltcon(itltdul,jfltdu.)-h(1!1tdul,j£1tdun + 8)
enddo

enddo

do ifltdum = 1,6
xfltcon(ifltdum,l)=sxha(ifltdum + 8)
enddo

CALL MATML(hfltcon,xfltcon,zfltcon,?,6,1)

write(19,¢) ' filter #5 controller portion of hexhat-’
write(l9,*)’'time, h’

weite(19,*)t,hfltcon

write(19,%)’ x '

write(19,*)xfltcon

write(l19,*)’ 3 '

write(19,¢)zfltcon

WRITE(19,*)T,2(7),CWORK(7,1),DWORK(7,1)

ENDIP
ENDIF

'/////////////////////////////////////////////////////////'

Modification for bias calculation

'/////////////////////////////////////////////////////////'

(s X2 Xs XaXa R 4

correction for bias in LK Stabilator

I€((IPLTR.EQ.5).AND.(T.GT.3.0))THEN

DWORK(7,1)=DWORK(7,1) + 0.008

Endif
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VP00 000022200 0004042404442 280021 0iiieiiiiidiciiia

CALL MATML{GKF,DWORK,EWORK,14,7,1)
CALL MATAD{XHM,6 EWORK,XHP,14,1)

C.Q.t......iiit.tl.t.i'......t.t...li..iﬁt.li.‘tt...i..lI....ti..t..‘t
C --- Calculate the residuals

~<- Also calculate the single scalar residuals
R°T * (AK)"-1 * R
tor only two of the ten Monte Carlo loops (1 and 7)
Stored in RAKR(time;rl,r2,c3,c4,¢5,r6,r7;100pl or 7;filter 1d)

~—- These single scalar residuals are not currently used for
decision making processes in the code. They are here to
verify, correct identitfication convergence
of the currently implemented MMAESIM, which strips off the

beta ternm.
Ciiﬁtt...t......C.'t...lii.l.l.‘.i..i.l'...l.i.l'tllt.“...tl..t‘t‘..t

anacaananonaann

C.............l.Q.l.‘tt.....I'....Q.t....i....t‘...It..l‘ﬁi..t....i.t.

C --- Get the individual AKX inverse out of storage.
C....ﬁ.0..lt.t...li.tt..'l.....t..tl.lt't!t.!lltt.tt.!..l..‘.t.lﬁtt...

CALL MTXC3I2(ZAKINV,AKINV,7,7,20,IFLTR, bank,0)
CALL MTXC32(2AK,AK,7,7,20,IFPLTR,bank,0)

C.lﬁ.....i..’....ﬁﬁ..ti..‘......Ct.....l...i...tl.....ii....iﬁ.....iti

C --- Calculate each of the seven residual vector components.
c..t..t.ﬂ.....tﬁil.it..ttttt.tQQ.lit.ttt.ltil..ttt.......t.t..lltl.t..

DO 10 INDX=1,?

RESID(INDX,1)=Z{ INDX)-CWORK(INDX,1)

TRESID(1, INDX)=RESID(INDX,1)

jtempbaz=iflte-3

IP (IJK.EQ.1) THEN
RSSAVE(itime,indx, itempbaz)=RESID(INDX, 1)
BUZSAVE(itime,indx,itempbaz)=2.0*SQRT(AK(INDX, INDX)})
write(®*,*)'-—-----~ update -~~----- t,itinme
write(*,*)buzsave(itime,indx,itenpbaz),indx, itenpbaz
write(*,*)ak(indx,indx)

END 1P

anon

Cl..!.Q.0...lt...0.........Q.t.......l..ﬁ.....t..'..'.i.l...l..l......

C --- Take single scalar residuals for loops 1 and 7
Ct....'tl.tt...........l..ttii...l.'ti.'....tittid..t.i..tlt.t...tt..i

IP ((ijk.eq.1l) .or. (ijk.eq.7)) THEN
rakr(itime,indx,ijk, IFLTR)=(resid(indx, 1)e*2)s
+ axinv(indx, indx)
END 1F

10 CONTINUE

C..'t...O...‘0....Q..'....'.Otﬁ.....!.ﬁl.i..l..i...i..'.....i.....tt..

C --- Calculate the individual probability coefficient
C (numerator of Eq’'n 10-104 of Maybeck Vv.2.)

c..i...t....l.......ﬁ.'.......Q..Q.QQQ.‘Qt....0'.'......'.....‘.......

CALL MATML(TRESID,AKINV,FWORK,1,7,7)
CALL MATML(FWORK,res{d, GWORK,1,7,1)

C'.Q..Q.‘...'t..0.'0.0.......Q.....ﬁ....'.Q.I.ll......t..ii....ﬁ...l..

C --- Recall, IDETAK contains the determinant of AK.
c These were determined separately in Matrixx and read in
c subroutine GETDAT.
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C
C --- Although GWORK is defined as an array, it is really the scalar
[ term r'T * Akinv * r. It was defined as an array since it is the

C result of the matrix multiplications above.
C.it!i.itt.tl.I.t.t.li‘tl‘.i......Qtttllttiti.ll.ﬁtltltt.it!......tlt.

TKPl=(-.5)*GWORK(1,1)
I? (TMP1.LE.-S0.) TMPl=(-50.)
ssqqrt=sqrt( abs(zdetak(IPLTR,Bank)) )

c weite(*,*)'itime, ifltr: *,itime,ifltr
c write(*,*)’'ssqqrt: ’,ssqqrt
C.tttiti..'.i..t.t.t...Q.Qt.ttt.....l.!....t.tt.......t...‘lt‘.t..tl..
C --- Recall, if BETAFLG is 0, the beta term is stripped off
(o i1f BETAPLG is 1, the beta term remains
(o 1f for some reason BETAPLG is something else, the default
c will strip off the beta term
CA e R dRddddAddRRetadtdRddenettRtadadddcdodnttscetosnttddttnadsnbtnds
C weite(e,*)’'pl, m: ’,pi, &
Cklessqqrt*(2.0¢pi)**(m/2.0)
c write(®, *)’ckl: ’,ckl
Cke=loglckl)

IP (BETAPLG.ne.l) Cklal
(o write(#*,*)'ck, ckl: ’,ck,ckl
PRBTMP(IFLTR,Bank)=(PRBOLD(IPLTR,Bank)*EXP(TMP1))/Ckl

CORRG AR RARARNAR R AR AR R AR R AR ARG RARAR RN RO RRARARNeaRARRRARRARACARRARAGGRORARRAY

C --- Now determine whether sensor failure exists using the development
on pages 229-231 of Maybeck V.1. Use Equation 5-67, setting
N=10. Here Cke=Log(ckl) (Log=natural logarithm) where ckl is
defined above.

rirst, sum the kth residual and kth diagonal term of Ak(tj)

from j=i-N+1 to i, where 1 is the current time index (ti, here
called ‘itime’).

Note, we have to skip the first ten (N=10) increments so

we can begin summing at time=0,

Here, ’'indx’ takes the place of 'k’ in Bq'n 5-67.

Note, '7’ in the indx loop, is the number of rows in the H matrix.
Do this for the first Monte Carlo iteration (ijkel).

SRARARRARNPARARAAAARARARRAAR AR LARRARANE RN RN AR AR RR ARG RRARARRERNRARAERRN

1?7 (ijk.ne.l) go to 30
IP (itime.1t.10) go to 30

DO 20 jke(itime-10+1),itime

DO 1S5 indxe=l1l,7
sumrakr{indx)=sumrakc(indx) ¢+ rakr(jk,indx,1jk,IFLTR)
IF (sumrake(indx).gt.1.e30) sumrakr(indx)=1.0E30
Lk(itime,indx,IPLTR)=Ck-0.5*susraks({indx)

O 0000000 O O 0000000000000

18 CONTINUE
20 CONTINUE
30 CONTINUE
RETURN
C END UPDATE

(o T Y T ey Y Y T Y T L L T

(o e e Y T I L LTy

END
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SUBROUTINE ACALC(ZXHP,P,PORDER, ICNT)

INCLUDE ‘DECLARR.TXT'

l.o.c‘l.l-

OO0
. €
. W
. e
. -
« W
. O
o« oo
. @
. @

INTEGER PORDER(20,15),ICNT(15),1,J
REAL ZXHP(14,20),P(20,15)

(o
c..tt..ti.'.ltlt.it.t.ti.t.Q...Itﬁl.‘tt.t....i...ﬁ.tt..Qtt...i‘.i..tl.
C --- Calculate the weighted sum of the state estimate, XHPSUM.

c Here, the J loop loops through 8 times, which is the number of

C plant states. 1ICNT depends on what method of calculation is

c to be used as determined in ADPCON.

c..li.'......il....i........-....t.................l....‘0............

DO 20 J=1,14
XHPSUM(J)=0.
DO 10 I~1,ICNT(Bank)
IP ((1.ne.modelnl) .and. (1.ne.modeln?)
. .and. (I.ne.modelnl)) THEN
XHPSUM(J)=XHPSUN(J)+
* (ZXHP(J,PORDER(I,Bank))*P(PORDER(I,Bank),Bank))
ir (XHPSUH(j).gt. 1.0e15) XHPSUM(j)e= 1.0elS
1F (XHPSUM(3j).1t.-1.0el5) XHPSUM(j)=-1.0el$S
END IF
10 CONTINUE
20 CONTINUE

RETURN

c END ACALC

Y T Y P Y Y T P P L P Y P L Y T PP Y P P P P P R P Y P P P L D R T I P Y PR Y L LYY )

(o YT L I LY L LI T T T T Y P T Y Y T P P T P T Y Y I Y Y PP R P Y Y PR TP T Y Py )
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SUBROUTINE COMMAND(FEC,FAC,IFPC,T)

---- Provides the vista flight control systea [CNTRL,FOR)
with the command llqna?o for the longitudinal axis
(rec}, the lateral command {FRC], and the directional
command (FPC}]. Additionally, simulation results have
indicated the need for a dither signal to "shake up"
thoksyste- and aid the filters in their identification
tasks.

INCLUDE ‘DECLARR.TXT'
REAL FEC,FAC,FPC,DON,T,0megal, ,omega2,omegal

SAVE
COMMAND SIGNALS

Dither signal generation

--NOTE: {f a control command is to be used,
it must be added to the below
created dither signal.

® v e & e s s & » s e s s a »

.
.
.

PUL SED DITHER SIGNAL

NON - SUBLIMINAL

« s+ . . L I )

Don=amod(t,3.0)
1r((Don.ge.0.0).and.(Don.1t.0.125))TREN

FEC = 13.5
PAC = -7.5§
reC = 24.0
ELSE IF((Don.ge.0.125).and.(Don.1t.0.25))THEN
FEC =-13.0
PAC = 7.5
FPC =-24.0
ELSE
rec = 0.0
PAC = 0.0
FPPC = 0.0
END 1P

¢ ¢+ e e s s s s e s e 8 e & s s s s+ s o

PULSED DITHER SIGNAL

SUBLIMINAL

Doneamod(t,3.0)

Ir((Don.ge.0.0).and.(Don.1t.0.125))THEN
FEC = 16.2
FAC =« -7.0
rpC = 30.0
ELSE 1F((Don.ge.0.125).and.(Don.1t.0.25))THEN
PEC =-17.5
PAC = 7.5
PPC = 30.0




O 00N 0O0n

AOAOOHANOANOHNAOOANOOHKANONOO 0O OOONNANNO 000000

ELSE
rec
PAC
rec

END 1P

LI }
(=X ~X-]
000

SINUSOI

FREQUENCY

omegal = 15,
oaegal = 15,
omegal = 15,

SIGNAL

1f(t.ge.3.4)
FEC= 1

DAL DITHER SIGNAL

¢ e 3 e s s s 5 e e e s e o+

[-X-X-]

then
2.0*sin(omegalrt)

IF(FPEC.LT.0.0)rEC=12.5*sin(omegalest)
FAC= -11.0*sin(omegadst)
FPCe 30.0*sin(omegalr*t)

else 18,20.5/-7/22

FEC=28.
Ir(rec.

Oesin(omegalet)
LT.0.0)FEC=30.5*sin(omegalet)

PAC= -7.0*sin(omegal*rt)
FPCe 22.0*sin(omegald*t)

endif

USER DEP?F

Don=amod(t,3.

IP((Don.?c.O.
PEC = 15.2
FAC = 16.0
FPC = 55.0
ELSE IF{((Don.
PEC = (-165.
PAC = (-16.

INED DITHER SIGNAL

e & o s 4 e e s e e s

0)
0).and.(Don.1t.0.1))THEN

ge.0.1).and.(Don.1t.0.125))THEN
2/0.025)%(bon - 0.1) + 15.2
0/0.025)*(Don - 0.1) + 16.0

FPC = (-55.0/0.025)*(Don - 0.1) + 55.0
ELSE Ir((Don.ge.0.125).and.(Don.1t.0.3))THEN
FEC =-16.5
PAC =-14.0
FPC =-50.0
ELSE IF((Don.ge.0.3).and.(Don.1t.0.325))THREN
FEC = (16.5/0.025)*(Don - 0.3) - 16.5
FPAC = (14.0/0.025)*(Don - 0.3) - 14.0
PPC = (50.0,0.025)*(Don - 0.3} - 50.0
ELSE
FEC = 0.0
FAC = 0.0
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PILOT PURPOSEPFUL COMMANDS

A e T T .

Pitch Path

IP((t.GT.2.95).and.(t.LT.3.15))THEN
FEC=13.5
PAC=20.0
PPC=-40.0
ENDIP

IP((T.GT.6.0).and.(t-LT.G.lS))TH!N
FEC=18.5
FAC=-15.0
rPC=20,

ELSE IP{(T.GE.6.15).AND.(T. .6,
R (T.LT.6.3))THEN
rPCe-20.

ENDIPF

Roll path

0O0NDONOANANANOD O N00ONNHOO nn

c Yaw Path

RETURN
END

SUBROQUTINE COPYMT(A,B,N M)
LRy Ry Ry P R I YRR Y
C THIS ROUTINE COQPIES A REAL MATRIX A INTO REAL MATRIX B,

C BOTH MATRICES ARE OF DIMENSION N BY M.

CURAARRARNRARRMAINARARNAARRARAAARRAARAARRRARCAARRARRANANANERORARANAOARARAD

o
INTEGER I,J,N, N
REAL A(N,M) ,B(N,M)
DO 100 1=1,N
DO 100 J'l.ﬂ
D(I,J)-A(X.J)
100 CONTINUE

RETURN
</
CLIL/ LIPS LI 717777 7/ 7/ 777777777
c END COPYMT
C---.-.-..----..-------.-----.--..-.-.-..-.--.-.-..----.----..-------.
END
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SUBROUTINE DSORT(Values,Numval, INDEX)

AR R LSRR RS AR R S EE RN EEEEN SRR R AR AR RRRRRRRRERRREERRRRRRRD]

C --- This subroutine sorts the probabilities from highest to lowest.
c Here, Values = PRBNIW
o Nueval = NFLTR
(o INDEX « PORDER

CrRtastd R AR R AdRAddAdARARARARRRRRdRRRARARARRRARRRRARRRAGARARARARRRARANER

INCLUDE ‘DECLARR.TXT’

C v v ¢ ¢ o e s e s e e e e e e e e

C local variables

o e e e e e s e e
INTEGER Numval(15),INDEX(20,15},1TMP,IC,J K
REAL Values(20,15),VTMP(20), TEMP

C

DO 10 J=},Numval(Bank)
IF ((J.ne.modelnl) .and. (J.ne.modeln2)

+* .and. (J.ne.modeln3)) THEN
VTMP(J)=Values(j,Bank)
INDEX(J,Bank)=J
END 1P

10 CONTINUE

IC=Nuaval(bank)
Kel

20 I? ((IC.GE.4&) .and. (K.GT.0)) THEN

J=1
K=0

30 17 ((J.eq.modelnl) .or. (J.eq.modeln2) .or. (J.eg.modeln3))
+ go to 31
I? (J.LE.(IC-1)) THEN
IP (VTMP(J).LT.VIMP(J+1)) THEN

TEMP=VTMP(J)
VTHMP(J)=VTMP(J+1)
VTMP(J+1)=TENP
ITMP~INDEX(J,Bank)
INDEX(J,Bank)=INDEX(J+1,Bank)
INDEX(J+1,Bank)=ITKP

Kel

END 17
31 CONTINUE

JuJel
GOTO 30

END IP

IC=1C-1
GOTO 20

END IP
RETURN

C END DSORT

c..-.--.----.-----------------.---------------------.----------.-----------

C------------....-'..-----.-----.--------.------------.-.--------.-.-------

END
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SUBROUTINE GAUSSGEN(IDUM,VLENGTH,VECTOR)

AR SR AR RASANRANARRAARNANESRNRANARREdRGRAARACSRARGARARRS

SUBROUTINE GAUSSGEN - uses functions GASDEV and

RAN1 to generate a vector of random variables with

a normal Jdistribution - zero mean and variance of
one. Tests indicate that the results are good in
the one and two sigma bounds for vector lengths

of 1000 or greater. The functions GASDEV and
RANLl come from “"Numerical Recipes”, written by:
william H. Press, Brian P. Flannery, Saul A,
Teukolsky, William T. Vetterling, Cambridge Press,

1986.

Subroutine GAUSSGEN
Created: 25 July 1691
Revised: 26 July 1991

Owner: USAP/ASD/AFIT/ENY

ANARLERRRRA BN AR R AR D AN AN R AN NS AN AN RAN RSN NN AR

REAL VECTOR(10),SUMVECT
INTEGER IDUM
INTEGER VLENGTH

do loop to fill array vector with random numbers in

a gaussian distribution
DO le! ,VLENGTH

VECTOR(1)=GASDEV{IDUM)

SUMVECT = SUMVECT + VECTOR(I)

ENDDO

the mean is calculated

IMEAN « SUMVECT/FLOAT(VLENGTH)

the variance is calculated

DO 1=1,VLENGTH

LOUM = (VECTOR(I) - ZMEAN)#*#*2,

SUMIDUM = SUMZDUM + ZDUM

ENDDO

SUMZDUM = SUMZDUM/PLOAT(VLENGTH)

SICMA=SQRT(SUMZDUM)

RETURN
END

PUNCTION GASDEV(IDUNM)

]
L]
]
L]
*
]
*
L]
[ ]
*
*
*
| ]
]
[ ]
]
]
*
*

RESAANBRANN R AR RAARPARRARARAARA R AR AR RSN ARAANR R DA AARARR

The functions GASDEV and RAN1 come from

"Numerical

Recipes”, written by: William H., Press, Brian P.

flannery, Saul A. Teukolsky, William T.

Vetterling, Cambridge Press, 1986.

AARARAAANANRRRACIARGAANR AR ARAR AR ABERR AN RARAAN RS RRAD

DATA ISET/0/

IP(ISET.EQ.0)THEN
Vi=2.*RANI(IDUM)-],
Vi=2.*RAN1(IDUM)-1,
Reviea2 o+ y2ee2
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IF(R.GE.1.)GO TO 1
FAC=SQRT(-2.*LOG(R)/R)
GSET=V]1e*PAC
GASDEV=V2+FAC
1SET=1

ELSE
GASDEV=GSET
I1SET=0

ENDIP

RETURN

END

FUNCTION RANI1(IDUNM)

ARAA AR A RAARSRARARRERRRARACCRRIBERBERERE AN NRIRANNANADS
The functions GASDEV and RAN1 coae from "Numerical *
Recipes®, written by: William H. Press, Brian P. *
Flannery, Saul A. Teukolsky, William T. *
Vetterling, Cambridge Press, 1986. *

L]

[ ]

ARENRASRN R AN AN R RN A AR AAR AR AR R AR RRARARARANARANRANRORS

DIMENSION R(97)
PARAMETER (M1=2259200,IA1=7141,ICl=54773,RM1=3,8580247E-06)
PARAMETER (M2=134456,IA2=8121,1C2«28411,RM2=7.4373773E-06)
PARAMETER (M3=243000,IA3=4561,1C3=51349)
DATA 1PP/0/
IF(IDUM.LT.0.OR.IPF.2Q.0) THEN
1fre]
I1X1=MOD(ICl~-IDUM, M1)
IX1=MOD(IALl#IX1+IC1l,M]1)
IX2=-MOD(IX1,M2)
IX1=MOD(IAl*IX1+IC1,6 N1}
IX3=MOD(IX1,M3)
DO 11 J=1,97
IX1 = MOD(IAl*IX1+IC1,M1)
IX2 = MOD(IA2¢IX2+1C2,M2)
R(J)=(PLOAT(IX1)+PLOAT(IX2)*RM2)*RM]
11 CONTINUE
IDUM=1
ENDIP
IX1=MOD(IALl*IX1+IC1,6NM]1)
IX2=MOD(IA2#*IX2+1C2,M2)
1X3«MOD(IA3*IX34+1C3,M3)
Jel+(97*1Xx3)/M3
IP(J.GT.97.0R.J.LT.1)PAUSE
RANl=R(J)
R(J)={FLOAT(IX1)+FLOAT(IX2)*RM2)*RM]1
RETURN
END
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SUBROUTINE GETDAT

INCLUDE 'DECLARR.TXT'
local variabl ; ; )
INTEGER I,J,K,L

Read in the input data files

CALL REDNAME
CALL REDFLAG
CALL REDREAL

¢ e & s+ s 2 e 2 s e .

CALL REDMAT

. . e s e & s & & & s+ e & & @

Do iq=1,NUMBANKS
Bankname(iq)=Dfile((iq+3),1iq)
ENDDO
WRITE(*,#)’ banknames ’',BANKNAME
RETURN

END GETDAT
END
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SUBROUTINE MATML(A,B,C,L,N,N)
C This set of subroutines is being changed to sequentially reduced
C the time lag between failures. See Subroutine GETDAT

c.......l...t.ﬁtiitl...l.i..."ttﬁ..t.i.l'.tt.....l.‘....Ql..!..'ti...

C THIS ROUTINE WILL MULTIPLY TWO REAL MATRICES

C A=AN L BY M MATRIX

C B=AN M BY N MATRIX

C C=-THE L BY N PRODUCT OF A AND B

C NOTE ACTUAL ARGUMENT C MUST DIFFER FROM A AND B

C......it.t.i...h.tt..l...t....il..l...lit........t....i....Q.....t.i.

c/////////////////////////////////////////////////////////////////////
C// THIS ROUTINE PROVIDES SINGLE PRECISION BOUNDS CHECKING FOR V
c// OPERATION BY USING A REAL*16 VALUE FOR CALCULATING THE Nzw
c// ELEMENT IN THE C MATRIX. IF THIS VALUE EXCEEDS THE SINGLE
c// PRECISION LIMIT, 1IT 1S FORCED TO THE SINGLE PRECISION LIMIT.
INTEGER I,J,K,L,N,N
REAL A(L,M),B{(M,N),C(L,N)
REAL*16 CTEMP,SIGN

DO 200 Iel,L
DO 200 J=1,N
CTEMP=0.
DO 100 K=1,M
CTEMP~CTEMP+QEXT(A(I,K))*QEXT(B(K,J))
100 CONTINUE
IF(QABS(CTEMP).GT.1.Q38) THEN
SIGN=1.
IF(CTEMP.LT.0) SIGN=(-1.)
CTEMP=SIGN*1.E38
END 1P
C(1,J)=SNGLQ(CTENP)
200 CONTINUVE
RETURN
c/
g//////////////////////////////é‘é/‘(é‘{//////////////////////////////

(ol T Y L LY Y T Y Y e N T L T L T I oy T™y

END

SUBROUTINE MATAD(A,B,C,L,NM)
ChE AR AR AR RN A AR AR RN R A R AR AR R AR R AR R AR A R A AR A AN R AR A AR AR RA R AN R RGNS
C THIS ROUTINE ADDS TWO REAL MATRICES OF DIMENSION L BY N

C A AND B ARE THE INPUTS, C 1S THE SUM
CHE AR AR R R AR R RO R AR RO R R R AR AR AN P AN RA R AR R AN SR RN ANARARANAARAARARARANARS

INTEGER 1,J,L,M

REAL A(L,M),B(L,M),C(L,N)

DO 100 1=1,L

DO 100 J=1,M
C(I,J)=A(1,J)+B(1,J)
100 CONTINUE

RETURN
</
g////////////////////////égé/;ﬁ4{;///////////////////////////////////

o Y Y P Y L P Y P Y L Y Y Y R P LT P P R LY Y T T T T Ty )

END
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SUBROUTINE MATSAV(UNIT,NAME,NR,N,N,IMG, XREAL , XIMAG, FORMT)

Portran logical unit for file

Name for file. One alpha followed by
up to 10 characters

Row dimension in calling program

Row dimension for matrix

Coluan dimension for matrix

1f img=0, imaginary part (ximag)
is assumed to be zero

Writes a file in MATRIXX readable format
Parameters:

unit INTEGER

name CHARACTER(*)*

ne INTEGER

] INTEGER

n INTEGER

ing INTEGER

xreal DOUBLE PRECISION

ximag DOUBLE PRECISION
format CHARACTER®*(*)

INTEGER UNIT,M,N,NR,INMG
CHARACTER®* (*) NAME, FORMT

Real part of the matrix to be saved

Imaginary part of the matrix

String containing the format to be
used in vrltsng the matrix
'(1P3£25.17)° for machine independent
*(10A8)' for fast compact

DOUBLE PRECISION XREAL(NR,*)},XIMAG(NR,*)

CHARACTER NAM*10,PORM*20

NAM=NAME
FORM=FORNT

WRITE(UNIT, ' (A10,315,A20) ' )NAM,N,N, ING, FORM

Write the real part of the matrix

WRITE(UNIT,PORM) ((XREAL(I,J),I=1l M),J=1,N)

Write the imaginary part of the matrix

IF (IMG.NE.O) THEN

WRITE(UNIT,PFORM) ((XIMAG(I,J),I=1,M),J=1,N)

END IF

RETURN
END
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SUBROQUTINE MATSB(A,B,C,L,N)
c....'l....'.....'.."...'.....l......................................
C THIS ROUTINE SUBTRACTS REAL MATRIX B PROM REAL MATRIX A
C DIFFERENCE IS RETURNED IN REAL MATRIX C.

C ALL THREE MATRICES ARE OF DIMENSION L BY N
C......‘.'.......‘.......-....................'.'.........l.......'...
c

INTEGER I,J,L,NH

REAL A(L,M),B(L,M),C(L,NM)

DO 100 lel,L

DO 100 Je-1,M
C(I.J)'A(I.J)-B(I.J)
100 CONTINUE
RETURN

</
C////////////////////////£§é////gg/////////////////////////////////////
C MAT

(o T T L Y o L L e L P P T Y T T ¥ TP r PP epapa s

END

SUBROUTINE MATTP(A,B,M,N)

c.................‘..l'.........'........t..............‘......t......
C THIS ROUTINE TRANSPOSES A MXN REAL MATRIX A AND STORES IN B
c........................................Q‘......'.‘.'..............l.
c
INTEGER I,J,N,N
REAL A(M,N),B(NM,N)
DO 100 le=1,M
DO 100 J.llN
PRINTe,I,J
B(J.I)-A(I,J)
100 CONTINUE
RETURN

c/
g//////////////////////égg/‘(44///////////////////////////////////////
| 4

C.----------------s-------.---.----.-------.---.--.--------.I--------.

END

SUBROUTINE MTXC21({AVEC,BVEC,IROW,ICOL,ISLICE,BANKER, IDR)
INCLUDE ‘DECLARR.TXT’
C ---~ ROUTINE TO CONVERT BETWEEN VECTOR AND 2 DIMENSIONAL ARRAYS
(of IF IDR=0 2D TO VECTOR CONVERSION
C I? IDR=1l VECTOR TO 2D CONVERSION

C --- Hierarchical Modeling Variables
Integer banker

INTEGER IROW,ICOL,ISLICE,IDR,IR
REAL AVEC(IROW,ICOL,BANKEZR)},BVEC(IROW)

c
DO 10 IRel,IROW
IP(IDR.EQ.0) BVEC(IR)=AVEC(IR,ISLICE,BANKER)
IP(IDR.EQ.1) AVEC(IR,ISLICE,BANKER)=BVEC(IR)
10 CONTINUE
RETURN
4
CLILIIIIIIIILLLLLLLI 1717200177171 [[ 7777777777777 70/7/7777777777/777777
C END NTXC21
c.--.-------I--.--..-.-----------------.---..-----.-----------.---.-.-
END
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SUBROUTINE MTXC3I2(AVEC,BVEC,IROW,ICOL,IDPTH,ISLICE, BANKER,IDR)
INCLUDE ‘'DECLARR.TXT’

C --- ROUTINE TO CONVERT BETWEEN 2 AND 3 DIMENSIONAL ARRAYS

(o IF IDR=0 3D TO 2D CONVERSION

C 1P IDR=1 2D TO 3D CONVERSION

C --- Hierarchical Modeling variables
Integer banker

INTEGER IROW,ICOL,IDPTH,ISLICE,IDR,IC,IR
REAL AVEC(IROW,ICOL,IDPTH,NUMBANKS),BVEC(IROW,ICOL)

c
DO 10 IC=1,1ICOL
DO 10 IR=l, IROW
IP(IDR.EQ.0) then
c AVZIC(ir,ic,islice,banker)=AVEC(ir,ic,islice,l)
BVEC(IR,IC)=AVEC(IRN,IC,ISLICE,BANKER)
end if
IP(IDR.EQ.1) AVEC(IR,IC,ISLICE,BANKER)«BVEC(IR,IC)
10 CONTINUE
c Pause ‘we are returning from mtxcl2’
RETURN
c//
C////////////////////////é//////é;////////////////////////////////////
ND MTX
c.--.--.---..--.---------..--.---.-.-.----.....-------------------...-
END

SUBROUTINE MTXDMP(A,IR,IC,NAME)
C 0P AR et et dReadeteAnataeddatadthiRaasdARentraRaRadddhntaRadantdade
INTEGER IR, IC,IDX,JDX
REAL A(IR,IC)
CHARACTER*6 NAME

WRITE(71,9010)NAME
DO 10 1DXel,IR
IF(IC.LE.8) THEN
WRITE(71,9000)(A(IDX,JIDX),JDX=1,1C)
ELSE
WRITE(71,9000)(A(1IDX,JDX),JDX=1,8)
WRITE(71,9000)(A(IDX,JDX)},IDX=9,1C)
END IP
10 CONTINUE
9000 FPORMAT(' ’,8(E12.5,2X))
9010 FPORMATI( O, A6, ///////7/7///7/7//77/77077/777/77/°)

RETURN
C////////////////////4;/‘4;g‘///////////////////////////////////
c-..------.-..------.-.---.-.--------.--.-.-----.-.-.----.-----.

END
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SUBROUTINE REDFLAG

AARARAR A ARG RACAGAAARAEERADNDN BRI RN SR B ANRNNROADORRORRRSRNIRAS

*

» SUBROUTINE REDFLAG loads a common block of logical
. flags used throughout MMAESIM to control the

. program execution. The data is loaded into an

. arcay [ATEMP] after reading file PLAGS.DAT. An

¢ equivalence statement relates the values of the

. (ATEMP) arcay with logical flag names used in the
* program.
*
]
[ ]
*
L]
*
*

1991 .

»
Owner: USAF/ASD/AFIT .
.
AR RN R AR SRR AR ASARE RN AS AR R A ARARAREIRARRAORARSABRRRRARRAS

Creation date: 8 JulY 1991
Revision date: 28 July
INCLUDE 'DECLARR.TXT’

Mocal variables

O 000

declaration of variable types
INTEGER ATEMP{39)
CHARACTER*80 LINE
C equivalence and coamon block statements

EQUIVALENCE (ATEMP(1),IDID), (ATEMP(2),MODELN),

6 (ATEMP(3),MODELN1), (ATEMP(4),MODELN2), (ATEMP(S),MODELN3),
&(ATEMP(6),ISTART), (ATEMP(7) ,WFLAG), (ATEMP(8) ,NUMFPAILS),

& {ATEMP(9),NUMBANKS), (ATEMP(10),BANK), (ATEMP(11),RIERARCHY),
&(ATEMP(12) ,XITER), (ATEMP(13),SENSORBIAS), (ATEMP(14),PLTRTO),
& (ATENP(15),NFLTR(1) ), (ATEMP(16),NFLTR(2)),{(ATENMP(17) NPLTR(3
6(ATEMP(18),NPLTR(4)), (ATEMP(19),NPLTR(5)), (ATEXP(20),NPLTR(6
&(ATEMP(21),NFLTR(7)), (ATEMP(22),NPLTR(8)), (ATEMP(23),NPLTR(9
6 (ATEMP(24) ,NPLTR(10)),(ATEMP(25) ,NPLTR(11)),(ATEMP(26),NFLTR
&(ATEMP(27) ,NFLTR(13)),(ATEMP(28) ,NPLTR(14)), (ATEMP(29),NFLTR
6(ATEMP(30),BANKPLAG), (ATEMP(31),INITV2), (ATENP(32),INITV),

& (ATEMP(33),IACTORDR), (ATEMP(34),BETAPLG), (ATEMP(35),ITRINZ),
& (ATEMP(36),1SLCT), (ATEMP(37),DSEED), (ATENP(38),IACTPAIL),
& (ATENP(39),IACTPL2)

1),
)),
1),
(12)),
(1%)),

C initialization of variables
ICOUNTR = 0
C main programs

OPEN(UNIT=11,FILE='FLAGS.DAT',STATUS='UNKNOWN"' )
DO WHILE(ICOUNTR.LT.39)
READ(11,°(A)’) LINE
IP(LINE(1:1).BQ.' ' )THEN
ICOUNTR = ICOUNTR+1
LOCATION e INDEX(LINE,’=’)+]
READ(LINE(LOCATION: ), *)ATENP(ICOUNTR)
ENDILIP
ENDDO

C output check - used for debugging
o WRITE(#*,*) ATEMP
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WRITE(*,*)IDID,MODELN, MODELN] ,MODELN2,MODELN3, ISTART,WFLAG,
&NUMFAILS ,NUMBANKS,BANK,HIZRARCHY ,XITER,WGNPAC, PRBMIN,
6SENSORBIAS,FLTRTO,NFILT(1) ,NPILT(2),NPILT(3) NPILT(4), NPILT(S),
&NFILT(6) ,NFILT(7),NPILT(8),NFPILT(9) , NPILT{10) NPILT(11),
ENFILT(12),NPILT(13),NFILT(14) NPILT(1S),BANKFLAG, INITVZ,INITV,
GIPAR,LIW,LRW,INFO(1),INFO(2),INFO(3),INFO(4),IWORK, RPAR, RWORK,
&IACTORDR,M,BETAPLG, ITRIMZ,ISLCT,IACTFAIL,IACTPL2

Write(*,*) tactordr,m,betaflg,itrimz,islct, iactfail

CLOSE(1l)

RETURN
END
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»
*
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SUBROUTINE REDMAT is called from subroutine GETDAT
and loads into a common block the data arrays for
the {r) matrix - (ZA), the [B] matrix - (2B), the

SUBROUTINE REDMAT

BAARGABCARRRR AR RRARGEARRRAARRACRRERARECARSRAAANRAARAARARARAS

state transition matcecix [PHI) - ZPHI, ...

CREATION DATE: 12 JuLy 1991
REVISION DATE: 22 JULY 1991

OWNER:

USAF/ASD/AFIT - Wright Patterson Ars

ARSARNRRAARANARARNRBARAEARRAARNAORARARARRRERNASRROARRARANA

INCLUDE 'DECLARR.TXT’

.l.o'c.a.l

.

v s

. vy .
. g~

ab

. po
« @
- "

CHARACTER*80 LINE

LINE « ‘C’

s s e 2 e 2 e s v s e o

DO IBANKZe«l,NUMBANKS

L=IBANK2Z
DO Kel ,NFLTR(IBANKZ)

*
L]
*
]
*
]
-
]
*
L]
L ]
.
®

OPEN(UNIT=9,PILE=DFILE(K,6IBANKZ),STATUS="0OLD’)

WRITE(*,*)’ BANK = ' ,IBANKZ,’ FILTER = ’,K

WRITE{*,*)'DPILE = ’,DFILE(K, IBANKZ)
DO 1Ie=1,7

READ(9,’(A132)*)LINE
ENDDO
READ(9,*)((2A(1,J,K,L),I=1,8),J0=1,8)
READ(9,’(A132)')LINE
READ(9,*)((2B(1,J,K,L),1=1,8),3=1,6)
READ(9,’(A132)’)LINE
READ(9,*)((2ZPHIX(I,J,K,L},I=1,14),3=1,14)
READ(9,'(A132)’)LINE
READ(9,*)((zBD(1,J,K,L),I~1,14),J3=1,6)
READ(9,’(A132)’)LINE
READ(9,*)((2CQDCN(I,J,K,L),I=1,8),J=1,8)
READ(9,’ (A132)’)LINE

READ(9,*)((2ZH(I,J,K,L),1=1,7),J=1,14)
WRITE(*,*)’' R = ’ ,ZH(4,]1,K,L)
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END

CLO
RET
END

READ(9,'(A132)')LINE
READ(9,*)((ZGKP(1,J,K,L),I=1,14),3=1,7)
READ(9,'(A132)')LINE

READ(9,*)((2ZR{1,J,K,L),1I=1,7),3=1,7)
WRITE(*,*)’' R = ?,ZR(6,6,K,L)

READ(9,'(A132)’' JLINE

READ(9,*)((ZAK(I,J,K,L),I=1,7),J=1,7)
WRITE(*,*)’ ZAK = ‘,2AK(7,7,K,L)

READ(9,’(A132)’)LINE

READ(9,%) ({ZAKINV(I,J,K,L),1=1,7),3=1,7)
WRITE(*,%)' ZAKINV = ’,ZAKINV(?,7,K,L)

READ(9,’(A132))LINE

READ(9,*)ZDETAK(K,L)
WRITE(*,*)ZDETAK(K,L)

ENDDO
DO

SE(9)
URN
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SUBROUTINE REDREAL

AR ARAARAREARAAEC ARG AARSRARAARRARARRAROSRRAGRENREGRARQRARS

* L]
* SUBROUTINE REDREAL loads a common block of real *
* flags used throughout MMAESIM to control the *
. program execution. The data {s loaded into an .
* array [ATEMP) after reading file PLAGS.DAT. An .
. equivalence statement relates the values of the *
* (ATEMP) array with logical flag names used in the ¢
. program, *
L] L]
. Creation date: 8 July 1991 *
* Revision date: 9 July 1991 *
[ ] *
L] L ]
[ ] ~
[ ] *

Owner: USAP/ASD/APIT

AR At RAdsRtdReadRAAGRAReR bt ddRttARRdRRAtdttdRNAnAcaRSe

INCLUDE 'DECLARR.TXT'

Mocal va

[s X e Ne]
. e

ia

« o
. P
. @
s .

CHARACTER*80 LINE
REAL RTEMP(22)
DOUBLE PRECISION DPTEMP(1)

EQUIVALENCE (RTEMP(1l),TSAMP),(RTEMP(2),PRBMIN
&(RTEMP(3),PRBFLTRTO), (RTEMP(4),DSIM), (RTENP(S
&(RTEMP(6),2ZBIASAMNT(1)),(RTEMP(7),2ZBIASAMNT(2)),
&(RTEMP(8),ZBIASAMNT(3)),(RTEMP(9),2BIASAMNT(4)),
&(RTEMP(10),2BIASAMNT(S)), (RTEMP(11),ZBIASAMNT(6}),
G(RTEMP(12),2ZBIASAMNT(7)), (RTEMP(13),TIMELAG]),
&(RTEMP(14), TIMELAG2), (RTEMP(15),TSIG11),(RTENMP(16),
&TS1G22), (RTEMP(17),TS1G33),(RTEMP(18),TSIGA4), (RTEMP(19),
&TS1GSS), (RTEMP(20),TSIG66), (RTEMP(21),TSIG?7), (RTEMP(22),
£TS1G88)

WGNEAC),

)
)
6

EQUIVALENCE (DPTEMP(1) M)

ICOUNT = 0
OPEN(UNIT=12,FILE='REALS.DAT’,STATUS="UNKNOWN"' )
DO WHILE(ICOUNT.LT.22)
READ(12,°(A)°) LINE
IP(LINE(1:1).BQ.’ ’)THEN
ICOUNT « ICOUNT+l
LOCATION = INDEX(LINE,'=’)+l
READ(LINE(LOCATION:),* )RTEMP(ICOUNT)
ENDIP
ENDDO
ICOUNT = 0
DO WHILE(ICOUNT.LT.1)
READ(12,'(A)’) LINE
IP(LINE(1:1).EQ.’ ’')THEN
ICOUNT = ICOUNT+1
LOCATION = INDEX(LINE,’e«’}+l
READ(LINE(LOCATION: ), *)DPTEMP(ICOUNT)
ENDIP?
ENDDO

output gection used for debugging
WRITE(*,*)’'TSIG11,TS1G88 ’,TSIGl]l,TSIGES
WRITE(*,*}'K = ' K

cLOSE(12)

RETURN

END

anon
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SUBROUTINE REDNAME

RARARARRALMARRAGRARRRRAAANAANRRBEARARRNARAARRRARRAANSARGCRRAARSRY

SUBROUTINE REDNAME loads a common block of character
names used throughout MMAESINM to conttol the

treading of the proper data files. The filter names
are stored in the DFILE array and loaded into a
common block.

*

[ ]

L]

[ ]

]

]

*

*

Creation date: 10 July 1991 *
Revision date: 11 July 1991 .
L ]

Ownet: USAF/ASD/AFIT .
L 4
*

NEARRACRRAARARAEANRARRRARNANRARNARNAAAARRA NGNS ARAARRRAARRASRS

INCLUDE 'DECLARR.TXT’

Moecal variables

declaration of variable types

INTEGER ICOUNTR,JCOUNTR
CHARACTER*80 LINE

€ equivalence and common block statements

C initialization of variables

ICOUNTR = 0
JCOUNTR = 0
C main program

OPEN(UNIT»13,FPILE='FLTRNAME .DAT' ,STATUS='UNKNOWN’ )
DO WHILE(JCOUNTR.LT.1S)
JCOUNTR = JCOUNTR + 1
DO WHILE(ICOUNTR.LT.20)
READ(13,'(A)’) LINE
IP(LINE(1:1).EQ.’ ’')THEN
ICOUNTR = ICOUNTR+1
LOCATION « INDEX(LINE,’'=m’)+2
READ(LINE(LOCATION:),’(A) ' )DFILE(ICOUNTR,JCOUNTR)
C WRITE(*,*)DPILE(ICOUNTR,JCOUNTR)
ENDIP
ENDDO
ICOUNTR =« 0
ENDDO

C output check - used for debugging
CLOSE(113)

RETURN
END

C-64




SUBROUTINE SMUL(A,B,C,L,NM)
I I T T T Y Y T Y PRy
C THIS ROUTINE MULTIPLIES A REAL MATRIX BY A REAL SCALAR
C A= THE SCALAR
C B= THE MATRIX
C C= THE PRODUCT
C B AND C ARE OF DIMENSION L BY M
I I IO T T T T T T T R R Y Py Y]
C

INTEGER I1,J,L,M

REAL A,B(L,M),C(L,N)

DO 100 1I=-1,L

DO 100 J=1,m
C(Y,J)=A*B{1,J)
100 CONTINUE
RETURN

c/
g////////////////////////////égé/g‘ﬁ{///////////////////////////////////

Cossscasscnscassnsssan e s s e e N S A Cr A P R S S N AT NS C RS AN NN RN C NN ANSS RS S

END
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SUBROUTINE TEMPORAL(RSSAVE,TEMPAVG)
Wiz iiiieiiiieiiiiriiiiiiigiiiuiiiii s
* Calculates the temporal average of the residuals ¢
* within each of the elemental filters "

CILILLLLLLII LS00 70071077000 7777777777777777%

Real Tnpavg,rnpavga,Tmpavgb,rnpavgc,rlpavgd
Real Tempavg(192,7,13),Temphold
Integer IIMOD,I1Z,J2

Include ‘Declarr.txt’

Do IIMOD = 1,13
Do JZ = 1,7

Do 12 ~ 1,64

Tmpavg = RSSAVE(1Z,J2,I1IMOD) + Tmpavg
Enddo
Tapavga = Tngavg
Do 12 « 65,128

Tmpavg = RSSAVE(I1Z,J2,1IMOD) + Tapavg
Enddo
Tmpavgb = Tmpavg
Do 12 = 129,192

Tmpavg = RSSAVE(1Z,J%,11M0D) + Tmpavg
Enddo
Tmpavgc = Tmpavg

Do IZ = 1,192
Temphold = (Float(12)/64.0) + 1.0

If(12.1le.64)then
Tempavg( TEMPHOLD,JZ,1IMOD) = Tmpavga
Endif

If((12.9t.64).and.(12.1e.128))then
Tempavg( TEMPHOLD,JZ,11MOD) = Tmpavgb
Endif

If((12.9t.128).and.(12.1e.192))then
Tempavg(TEMPHOLD,JZ,IIMOD) = Tmpavgc
Endif

gnddo
Enddo
Enddo

Return
'//////////////////////////////////////////////////////:
L ]

'///////é//////////////////////////////////////////////'
En
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APPENDIX D: MATRIXy MACROS

These macros were used to create the filter files and plot the results. Matrix, [15] resides on the Flight
Dynamics VAX computer. The routines are included in the end of this appendix. Each of the routines are
described within this appendix.

The Filecreate routine accessess the other Matrix, routines. This routine calls MTX.MXX and the
SETUPXX routines. The SETUPXX routines set up each of the appropriate banks by operating on the data
loaded within Matrix,. The SETUPXX routines include the hypothesized failure for each bank and filter. Each
filter within bank 1 hypothesizes a single failure. Bank 2 assumes a left stabilator failure. Thus every filter
within bank 2 assumes a left stabilator failure and another failure corresponding to the filter designation. The
bank numbers range from B1 - B9, and then the designations change to X0 - X3. Data files for the fully-
functional aircraft model elemental filter for the MMAE can be found in Appendix E. A MMAE simulation
users manual guides the reader through the design and running of the simulation. The users manual can be
obtained through Dr. Peter Maybeck, Department of Electrical Engineering, Air Force Institute of Technology,

WPAFB, OH.
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/7 FILECREATE .MXX MATRIXX EXECUTABLE MACRO
7/

/7 Author: Capt Gregory L. Stratton
/7 Date created: 25 August 1991

Vo4 Date revised: 27 September 1991

//

// This macro creates every filter file for each bank for the
// MMAESIM program. Below are listed the variables that need to
// rteaside in MATRIXX memory before execution:

/7

Vo4 forig, The 8x8 plant matrix (A matrix)

/7 borig, The 8x6 control matrix (B matrix)

Vo4 horig, The 7x14 measurement equation matrix (B matrix)
// t, The 7x7 sensor covariance matrix

/7 q. The 6x6 wvhite Gaussian noise covariance matrix
V4 9, The 8x6 white noise multiplier matrix

/7

// This macro calls the macros ®setupbn.mxx” (where n is the bank
// number), which in turn creates the files for that particular bank.
/7 In all, 13 filters for each of the 13 banks are created.

// BEBach filter file is set up so that it may also be copied into files
/7 rolen.dat, ro2en.dat, or ro3sn.dat and used as truth models of hard
/7 failures. Soft failure truth models must be generated separately.

//

// START MACRO
/7

//

// Set up initial constants
Ved

n=14;

delt=1/64;

rzld=0*ones(1,14);

cz8=0tones(8,1);

czld=0*ones(14,1);
act=diag({20.2,20.2,20.2,20.2,20.2,16]),
aa=forig;

baug=(0*ones(8,6)act];
faug={aa,borig;0tones(6,8),-act});
g=[g;0%ones(6,6))};

gd=eye(14);

/

/

// Set up P, B, and H matrices for bank 1 filters
//

bank=1;

fcon=faug;
bcon=baug;
bbcon=borig;
hcon=horig;
exec(‘setupbl.axx’)
4

//ceturn

Va4

// Set up P, B, and H matrices for bank 2 filters
// where actuator 1 has been deterained to be failed
//

bank=2;

fcon=faug;

//7fcon(:,9)eczld;

bcone=baug;

b(:,1)=czld;

bbconeborig;

bbcon(:,1)=cz8;

hcon=horig;
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exec('setupb2.axx’)

/7

// 8Set up r, B, and H matrices for bank 3 filters

// where actuator 2 has been determined to be failed
//

banke3;

fcon=£faugq;

//78con{:,10)=c2ld;

bcon=baug;

b(t,2)=c314;

bbcon=borig;

bbcon(1,2)=c28;

hcon=horig;

exec('sotupbl.maxx’)

//

/7 Set up F, B, and H matrices for bank 4 filters

// where actuator 3 has been determined to be failed

/7

banke=4;

fcon=faug;
//7fcon{:,11)=czld;
bconebaug;
b(:,3)=c3ld,
bbcon=borig;
bbcon(:,3)=cz8;
hcon=horig;
exec(’'setupbd.mxx’)
/7

// Set up r, B, and H matrices for bank 5 filters
/7 where actuator 4 has been determined to be failed
/7

bank=5;

fcon=faug;
//fcon(:,12)=czld;
bcon=baug;
b(:,4)=czld;
bbcon=borig;
bbcon(:,4)=c28;
hcon=horig;
exec(’setupbS.maxx’)

/7

// 8et up P, B, and H matrices for bank 6§ filters
// where actuator S has been deterained to be failed
//

bank«=6;

fcon=faug;

//7fcon{t,13)=czld;

bcon=baug;

b(:,S)=czld;

bbcon=borig;

bbcon(:,5)=cz8;

hcon=horigqg;

exec(’setupbé.mxx’)

//

/7 Set up P, B, and R matrices for bank 7 filters
/7 where sensor 1 has been determined to be failed
7/

banke?;

fcon=taug;

bcon=baug;

bbcon=borig;

hcon=horig;

hecon(l,:)=c2ld;

exec(’setupb?.mxx’)

//

// Set up P, B, and H matrices for bank 8 filters
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// wheate sensor 2 has

//

bank=8;

fcon=faug;
bcon=baug;
bbcon=borig;
hcon=horigy
hecon(2,:1)=r314;
exec(’setupb8.mxx’)

/7
/7 Set up P, B, and H
// where sensor 3 has

//

bank=9;

fcon=faug,
bcon=baug;
bbconebocrig;
hcon=horig;
hcon{3,:)=rsld;
exec(’setupbyd.mxx’)

//
// Set up F, 8, and H
// where sensor 4 has

7/

bank=10;

fcon=faug;

bcon=baug;
bbcon=borig;
hcon=horig;
hcon(d,:1)=rzld;
exec({’setupx0.mxx’)

//

// Set up P, B, and B
// where sensor $ has

//

bank=ll;

fconefaug;
bcon~baug;
bbcons=borig;
hconeshorig;
hcon(S,:)ersld;
exec(’setupxl.mxx’)

//
// Set up r, B, and H
// where sensor 6 has

//

bank=12;

fcon=faug;

bconebaug;
bbcon=borig;
hcon=horig;
hcon(6,:1)eczld;
exec(’'setupx2.mxx’)

//

// Set up F, B, and H
// where sensor 7 has

/7

bankel3;

fcon=faug;
bcon=baug;
bbcon=borig;
hcon=horig;
hcon(?,:)=rzlé;
exec(’'setupxl.mxx’)

//
// Set up I, B, and H

been detsrmined to be failed

matrices for bank 9 filters
been determined to be failed

matrices for bank 10 filters
been determined to be failed

matrices for bank 11 filters
been determined to be failed

matrices for bank 12 filters
been determined to be failed

matrices for bank 13 filters
been determined to be failed

matrices for bank 7 filters
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// where actuator 6 has been determined to be failed

/7 This section has been commented out
/7 Originally this generated bank 7 filters
/7 1t is now set to be bank 14 if ever used

//

//7bankeld;
//7fcon=faug;
//7778con(:,14)=cz14d;
//bcon=baug;
//bl1,6)ecz2ld;
//bbconeborig;
//bbecon(:,6)=cz8;
//hcon=horig;
//7exec(’'setupxd.axx’)
7/

//

return

//
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/7 RESIDUAL PLOTTING MACRO for MMAESIM RESULTS

V{4

// This macro plots residual results fors mmaesim quickly
// and generates files for printing at a future date.

//

teff=R8(:,1:7);
bdup=BDU(:,1:7);
bdlw=-1.0*bdup;
//telg=R8(:,8:14);
//bdulg=BDU(:,8:14);
//bdl1g=-1.0*BDU(:,8:14);
//t8ce=R8(:,15:21);
/7bdurs=BDU(:,15:21);
//bdlra=-1,0+BDU(:,15:21);
//c8l1f=RS(:,22:28);
//bdulf=BDU(:,22:28);
//b411f=-1.04BDU(:,22:28),
//ctscfeRS(:,29:35);
//bdur!-BDU(:,29:3S);
//bdlcf=-1,0*BDU(:,29:35))
//7cocd=R8(:,36:42)
//758urdeBDU(:,36:42);
//bdlrd=-1,.0*BDU(3,36:42);

V4

/7 fully functional filter

/7
tsvie(bdup(:,1),bdlw(:,1),caff(:
rsv2={bdup(:,2),bdlw(:,2),catf(:
tev3ia(bdup(:,3),bdlw(:,3),reff(:
tavd={bdup(:,4),bdlw(:,4),caff(:
revS=(bdup(:,5),bdlw(:,5),reff(:
revéb={bdup(:,6),bdlw(:,6),csff(:
rsvi={bdup(:,7),bdlw(:,T),rsff(:

plot(ts,rsvl,’'title/Velocity Sensor csll/..
xlabel/time (seconds)/..

Klabcl/rolldual value/’ );

ltd( residpltl.dat’)

plot(ts,rcvz,'tltlc/Anglo of Attack Sensor csOl/...
xlabel/Time (seconds)/..

Klabol/rosidunl valuo/');

ard( residplt2.dat’)

plot(tl,rsv!,'titlo/?itch Rate Sensoc csll/...
xlabel/Time (seconds)/..

glabol/roslduai value/’ ):

ltd( residpltd.dat’)

plot(tl.rlvl,'t!tlo/Nor-al Acceleration Sensor cs0l/...
xlabel/Time (seconds)/.

gllbol/roliduai value/’ );

ard( residpltd.dat’)

plot(ts.tsvs,’tltlc/noll Rate Sensor cs0l/...
xlabel/Time (seconds)/..

{labcl/tcsidual value/’ );

ard( residpltS.dat’)

plot(tl,rsvs.'tttlo/vnv Rate Sensor csll/..
xlabel/Time (seconds)/...

Klubol/roslduul value/’')

urd( residplté.dat’)
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plot(tc,t|v7,'tttlo/Latcral Acceleration Sensor cs0l/...
xlabel/Time (seconds)/...
label/residual value/’'),
ard{‘reaidplt?.dat’)
Va4
return

//
/7 left stabilatoc

//

tevie{rsls(1:,1),bduls(:,1),bdlls(:,1)])
tevie[csle{t,2),bduls(:,2),bdlls(:,2)]
revie(rsls(:,3),bduls(s,3),bdllse(:,3)]
covd=[rsle(t,4),bduls(:,4),bdlle(:,4)]
revSe=f{rsls(:,5),bduls(:,5),bclls(:,5)]
revée(rsle(1,6),bduls(:,6),bdlls(:,6)]
rsvie{csle{:,7),bduls(:,7),bdlls(:,7))

//
ploti{ts,rsvl, 'title/Velocity Sensor cs02/...
xlabel/time (seconds)/...
label/residual value/’),
ard(’'residplt8.dat’)
//
plot(ts,rsv2,'title/Angle of Attack Sensor cs02/...
xlabel/Time (seconds)/...
label/residual value/’')y
ard(’ctesidplt9.dat’)
/7/
plot(ts,rsv3, 'title/Pitch Rate Sensor cs02/...
xlabel/Time (seconds)/...
label/residual value/’);
ard(’'residpltll.dat’)
//
plot(ts,rsvd, ' title/Normal Acceleration Sensor cs02/...
xlabel/Time (seconds)/...
label/residual value/’);
ard('residpltll.dat’)}
//
plot(ts,revs,’title/Roll Rate Sensor cs02/...
xlabel/Time (seconds)/...
label/residual value/’),
ard(’'residpltl2.dat’)
//
plot(ts,rsvé,’title/Yaw Rate Sensor cs02/...
xlabel/Time (seconds)/...
label/residual value/’)s
ard(’residpltld.dat’)
7/
plot(ts,rsv?,’title/Lateral Acceleration Sensor cs02/...
xlabel/Time (seconds)/...
label/cesidual value/‘);
acd('residpltlid.dat’)
//
// tight stabilator

Ved

tsvie[rsre(:,1),bdurs(:,1),bdles(:,1)]
revie={rars(:,2),bdurs(:,2),bdlrse(:,2)]
csvi={rsrs(:,3),bdurs{:,3),bdlrs(:,3))
revde(cors(:,4),bdurs(:,4) ,bdlrs(:,4))
tevSe{csre(:,5),bdurs({:,5),bdlcs(:,5))
revée[rsrs(:,6),bdurs(:,6),bdlcrs(:,6))
tevle(cscs(:,7),bdurs(s,7),bdlrs(:,7))

//

plot{ts,rsvl, ’'title/Velocity Sensor csli/...
xlabel/time (seconds)/...

glabcl/rocldual value/' )
ard(’residpltlS.dat’)
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//
plot(ts,tsv?,’title/Angle of Attack Sensor cs03/..
xlabel/Tine (uoconds)/
label/cesidual valuo/');
K.rd( rresidplti6.dat’)

plot(tl.rcvl,'titlo/?ttch Rate Sensor cs03/...
xlabel/Time (seconds)/..
Klabol/zonldual valuo/');

a:d( tesidpltly.dat’)

plot(ts,rlvd,'tttlo/Nor-al Acceleration Sensor cs03/...
xlabel/Tiae (seconds)/..

Klabol/tooidual valuo/');
lrd( tesidpltid. dat’)

plot(tl,r:vs,'titlo/loll Rate Sensor csf3/...
xlabel/Time (seconds)/...
Kllbol/rcsidual value/’ )

ltd( residpltl9.dat’)

plot(ts,tuvs ‘eitle/Yaw Rate Sensor cs03/..
xlabel/Time (l:condc)/
Klnbol/tolldual valuc/');

urd( residplt20.dat’)

plot(tl,:.v7.'titlc/Latorll Acceleration Sensor cs03/...

xlabel/Time (seconds)/...
Klabol/rosidual value/'):
ltd( residplt2l.dat’)

// left flaperon

//
csvie{rslf(:,1),bdulf(:,1),bdl1€(:,1)])
csv2e{cslf{:,2),bdule{:,2),bd11¢£(:,2))
rsviefrslf(:,3),bdulf(:,3), bdll!(:,!)]
rsvée(rslf(:,4), bdult(:,‘) bdllf({:,4)])
cevSelcslf(:,5),bdulf(:,5),bd11£(:,5))
r.ve-lrslt(x,S) bdulf(:,6),bd11£{:,6)])
csvis(rslf(:,7), bdult(s,7) bdllt(.,?)]
//
plot(ts,rsvl,’title/Velocity Sensor csld/...
xlabel/time (seconds)/..
Klabcl/rolldull valuo/');

ard( residplt22.dat’)

plot(ts,tlvz,'titlo/Anglo of Attack Sensor csf4/..
xlabel/Time (seconds)/..
Klubcl/rcsiduai value/’ );

ard( residplt23.dat’)

plot(tl,tsVJ.'tltlc/’itch Rate Sensor cs0d/...
xlabel/Time (seconds)/...
label/residual values’);
ard(’residplt2d.dat’)
//
plot(ts,rasvd, 'title/Normal Acceleration Sensor csld/...
xlabel/Time (seconds)/..
Klabol/rosldual valuc/')x
ard( residplt2S.dat’)

plot(tl.t.vs,'titlo/kcll Rate Sensor csld/...
xlabel/Time (seconds)/.
Klubcl/totiduai valuc/');

ard( residplt26.dat’)




plot(ts, rsvé, 'title/Yaw Rate Sensor cs0d/...
xlabel/Tise (seconds)/...
Kllb.l/t.lldu.l value/');

urd( residplt2?.dat’)

plot(tc,r|v7.'tltlo/Latoral Acceleration Sensor cs0d/...
xladbel/Time (seconds)/...

Klubcl/tolidu:l value/’ )

azd( residplt28.dat’)

// right flaperon

tlvl-!tcrt(:.l) bducf(:,1),bdlrf(:,1)])
tsve={cerf(1,2),bducf(:,2),bdlcf(:,2))
revis(rscf(1,3),bdurf(:,3),bdlrf(:,3)])
tuv‘-(tlr!(:.d) bdurf(:,4),bd1cf(:,4)]
cevSe{cscf(i1,5),bdurt{:,5),bdlcl(:,5)])
coevbe(rorf(:,6),bdurf(:,6),bdlct(:,6))
ravle{recf(:,?), bdur!(:,7) bdlrf(x,7))

//

plot(ts,rsvl,’'title/Velocity Sensor cs0S/...
xlabol/tlno (seconds)/..
xlabol/:ccldual valuc/‘);

ltd( residplt29.dat’)

plot(tl.tovz,'titlc/Anglo of Attack Sensor cs0S/...
xlabel/Time (seconds)/...

Klabol/tclldunl value/' )

.td( residplt30.dat’)

plot(to,rsv!.'titlo/?ttch Rate Sensor cs05/...
xlabel/Time (seconds)/...

Klabcl/roolduai value/’);

ard( residplt3l.dat’)

plot(tc,rsvd,'titlo/ﬂoz-al Acceleration Sensor cs0S5/...
xlabel/Time (seconds)/..
glabol/rosldual value/’ );

ard( residplt32.dat’)

Plot(tl.erS"titlt/Roll Rate Sensor ce05/...
xlabel/Time (seconds)/..
Klobcl/rolidual valuo/');

urd( residpltil. dat’)

plot(tl.rsvs,'tltlo/Yav Rate Sensor cs0S5/...
xlabel/Time (seconds)/...
label/residual value/');
ard(’residpltid.dat’)
//
plot(ts,rsv?,‘title/Lateral Acceleration Sensor cs05/...
xlabel/Time (seconds)/..
glabol/roltdull value/’ );
.ld( residplt3S.dat’:

// tudder

//
tevie{recd(:,1),bdurd(:,1),bdlcd(:
tevi=[rscrd(:,2),bdurd(:,2),bdlcd(:
revie(rsrd(:,3),bdurd(:,3),bdlrd(:
revéd={rscd(:,4),bdurd(:,4),bd

revS={rerd(:,%),bdurd(:,5),bd1lrd(:
rsv6a{rscrd(:,6),bdurd(:,6),bdlrd(:
cevi={rsrd(1,7),bdurd(:,7),bdlcd(:

//

plot(te,rsvl,’title/Velocity Sensor cs06/...

1)1
0 2))
3)1]
1rd(:,4))
5}
16)]
71
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xlabel/time (seconds)/...
llule/ronldual value/’);
ard('residpltlé.dat’)
7/
plot(ts,rsv2, 'title/Angle of Attack Sensor cs06/...
xlabel/Time (seconds)/...
label/residual value/’);
ard(’residplti.dat’)

//
plot(ts,rsvld, ‘title/Pitch Rate Sensor cs06/...
xlabel/Time (seconds)/...
label/residual value/’);
ard('residple3s.dat’)
//
plot(to,ruvl,'tttlo/ﬂor-al Acceleration Sensor cs06/...
xlabel/Time (seconds)/...
label/residual value/’);
ard(’'residplti9.dat’)
7/
plot(ts,rsvs,'title/Roll Rate Sensor cs06/...
xlabel/Time (seconds)/...
label/residual value/’);
ard(’residpltd0.dat’)
7/
plot(ts,rsvé, ' title/Yaw Rate Sensor cs06/...
xlabel/Time (veconds)/...
label/residual value/’);
ard{'residpltél.dat’)
//
plot(ts,rsvl, ‘title/Lateral Acceleration Sensor cs06/...
xlabel/Time (seconds)/...
label/residual value/’);
ard('residpltd2.dat’)
//
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// This Macro plots results from MMAESIM that are thesis
// quality to be used for printing on the LN03 laser printer.

V4
prieprb(:,4:9);
pra=prb(:,10:16);

//

plotla‘ pel,’streip ..

tiel o/rrohabtlity, cht Stabilator_railure/ ...
yain/0/ {l-./l/ .o

xlabol/T me (seconds)/ ...
Klobol/tf(kllh:lkslll|A5/'

ard( plial_hfsl.dat’)

plot(tt pr2,'steip ...

title/Probablility, Left_Stabilator_Failure/ ...

ynin/0/ ymax/1/ ...

xlabel/Time (seconds)/ ...
1abel/81182|53|84|85|86([87/')
ard(’pl2al_hfsl.dat’)

//

//.ql‘l.t(311 8),98(:,1:2) ),
sgle(st(:,1:4),98(:,1) ]9
sg2={st(:, 5:0),9l(=.2)ll

/77

rtode57.29578;
sgl(:,l)ertodeggl(:,1);
8gl(:,3:4)=rtod*sgl(:,3:4);
8g2(:,1:4)ertod*sq2(:,1:4);

7/

plot(ti,sqgl,’strip ...

title/States, Left Stabilator_Pailure/ ...
xlabel/Time (seconds)/ ..
{labol/thctllulalphalqlAncq/')

a:d( pllal_hfsl.dat’)

plot(ti,tqz.'ltrtp .e

title/States, Left stabllator railure/ ...
xlabel/Tine (seconds)/ ...
Kl.bol/ghllbotalplrIAycg/ )

ard{'pldal hfsl.dat’
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// This Macro plots results from MMAESIM that are thesis
// quality to be used for printing on the LNO3 laser printer.
//

prleprb(:,4:9);
pc2=prb(:,10:16);
//
plot(ti,prl,’strip ...
title/Probability, No_Pailure scenario, / ...
yain/0/ ymax/1l/ ...
xlabel/Time (seconds)/ ...
label /PP |ALIA2|A3|AL|AS/")
ard(’pllff_hfsl.dat’)
7/
plot(ti,pr2,‘strip ...
title/Probability, No_Pailure scenario/ ...
yain/0/ {lax/l/ o
xlabel/Time (seconds)/ ...
label/8182|83|84185|86|87/")
ard('pl2ff _hfsl.dat’)
7/
//8gle(st(:,1:8),98(:,1:2)]);
sgle[st(:,1:4),98(:,1)});
sg2=(st(:,5:8),98(:,2))y

//

rtod=57.29578;
8gl(:,1)=ctod*sqgl(:,
8gl(:,3:4)mrtod®sgl(
8g2(:,1:4)=rtodrsg2(

7/

plot(ti,sgl, strip ...

title/States, No_rajilure scenario/ ...
xlabel/Time (seconds)/ ...
label/thetaju{alphaiqlAncg/’}
ard(’pl3ff hfsl.dat’)

7/

plot{ti,sg2, 'strip ...

title/States, No_Pailure scenario/ ...
xlabel/Time (seconds)/ ...
labcl/rhi]bcta|p|rlAycq/')

ard(’pldff hfsl.dat’)

/7

1)
1,3:4);
1,1:4);
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//
GQGT = G * Q * Gy
e = ry
rri(n+l,n+l) = 0.
PHI = gplit(disc(rr2,n,delt),n);
PGQGPT = PHI * GQGT ¢ PHI';
Qd = (PGQGPT + GQGT) * 0.5 » delt;
clear GQGT PGQGPT rr2;
7/
qto-g = Gd*Qd*Gd’;
templ7 = [PHI'+H'/R*H/PHI*Qtemp, -H'/R*H/PHI; -PHI\Qtemp,inv(PHI')’']};
[vtenp,dtenp] = 01?(101917)3
dto-g = diag(dtemp))
1dx77 = gsort{abs(dtemp)))
chi?? = vtemp(l:n,idx77(1:n}));
lamda? = vtemp((n+l):(2#*n),4idx77(1:n));
stemp = lamdal/chi?7;
Pass = stemp’;
Kss = stemp*R’/(Hestemp*H’ + R);
Ppss = PRIN(Pmss-Gd*Qd*Gd’ ) /PHI";
Pass = re3l(Pmss);
Kss = real(Kss);
'Y.. = real(Ppss);
clear dtemp idx77 chi?7 lamda? stemp templ7 vtemp qtemp;
gkfekss;
ggix-phlg

=.S5¢(phitb+b)*delt;
cqd=(chol(qd(1:8,1:8)))';
ak=h*pmgs*h’er;
akinveinv(ak);
detak=det(ak);
return;

//
4/

D-13




display(’ QWICK KFEVAL')
display(’' *)

display(’ A Ralmar rilter Performance Evaluation Tool’)
display(’ Y’

display(’ Peter 5. Maybeck’)

display(' ')

display(’ Version VAX1.2 ALL RIGHTS RESERVED')

display(’ )

//

GQGT = G ¢ Q * G’

rr2 = P

rr2(nel,nel) = 0.y

PRI « split(disc(rr2,a,dslt),n);

PGQGPT = PHI * GQGT * PHI';

Qd = (PGQGPT ¢ GQGT) * 0.5 + delt;

clear GQGT PGQGPT Pr2;

7/

qtelg = Gd*Qd+*Gd';

temp7? » {PHI’+B’/R*H/PHI*qtemp, -R’/R*H/PH1; -PHI\Qtemp,inv(PHI')']);
{vtemp,dtemp} = eig(templ?);

dtolg = diag(dtemp);

1dx77 =» sort(abs(dtemp));

chi?7 = vtemp(l:n,{dx77(1:n}));

lamda? « vtemp((nel):(2+n),4dx77(1:n));

steap = lamda?/chi?7;

Pass = stemp’y

Kss = stemap*H’'/(H*steap*B’' + R);

Ppss = PBI\(Pmss-Gd*Qd*Gd’)/PHI';

Pass = real(Pmss);

Kss = real(Kss);

Pfss = real(Ppss);

clear dtemp idx?7 chi?7 lamda?l stemp templ] vtemp qtemp;
/7

// Form Augmented Matrices for Performance gZvaluation

Pa ~ [(Pt, -Xt; Otones(n,nt), P-X];

Ga = {Gt; O*ones{n,st)]);

GaQaGaT = Ga * Qt * Ga'y

na = nt + ny

rra2 = rs;

rra2(na+l, ,na+l) = 0.;

Pra2D = disc(rra2,na,delt);

PHIa = split(rra2p,na);

PGQGPTa = PHIa * GaQaGaT * PHIa’',

Qda = (PGQGPTa + GaQaGaT) ¢ 0.5 #* delt;
clear Pra2 rra2p PGQGPTa GaQaGaT fa Ga na;
Ds = [eye(nt), -Dt; O*ones(n,nt), eye(n)-D};
Ca = [-Ct, C];

Pao = [Pto, O*ones(nt,n); Osones(n,nt), O*tones(n)];
Aass = [eye(nt), O*ones(nt,n); Kss*Bt, eye(n)-Kss*H];
Kass = [0O*ones(nt,m); Kss];

Pam = Pao;

Pem = Ca * Pam * Ca’'y

Pa = Pmss;

Penf « C ¢ Pa * C';

K = Kss

Pp = Ppss;

Aa = Aass;

Ka = Kass;

Pap = Aa * Pam * Aa’ + Ka * Rt * Ka';

Pep = Ca * Pap * Ca’';

Pepf « C * Pp ¢ C'

Papc = Da * Pap * Da’;y

Pepc = Ca * Papc * Ca’;

Pepctf = Pepf,
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ea = diag(Penm);
ep = diag(Pep);
epc = diag(Pepc);
ETRUE = [em’'; ep’'; epc’);
af = diag(Peaf);
ept = diag(Pepf);
epcf = diag(Pepct);
EPILT = [emf’; epf’; epcf’]);
display(’Initialization at time to is complete’)
display(’ *)
// Main Loop: Iterate for { « 1 to { = ITOTAL
/) ====ee=-=
itagel;
xiter=0;
for inum = 1:ITOTAL;...
Pa = Pmss;...
Pam = PHIa * Papc * PHIa' + Qda;...
Pem =« Ca * Pam * Ca’';...
Peaf = C * Pa * C';...
K= Kss;...
Pp = Ppss;...
Aa = Aass;...
Ka = Kass;...
Pap = Aa * Pam * Aa’ + Ka * Rt * Ka';...
Pep = Ca * Pap * Ca'y...
Pepf = C *# Pp ¢ C';...
Papc = Da * Pap * Da’;...
Pepc = Ca * Papc * Ca‘';...
Pepcf = Pepf;...
em = diag(Penm);...
ep = diag(Pep);...
epc = diag(Pepc);...
ETRUE =« [ETRUE; em’; ep’; epc’);...
enf = diag(Pemf);...
epf = diag(Pepf);...
epcf = diag(Pepcf);...
EFILT = (EFILT; emf'; epf’'; epcf’');...
xiter=xiter+l;...
xtm=xiteredelt;...
if xtmeitag;...
SECONDS=1tag, ...
jtageitag+l;...
end;...
end)
clear xiter xtm itag SECONDS;
V4
/7 End of Main Loop to Conduct Performance Analysis

//Q..G......t.i..Q.lﬁ.ﬁt.t.Il.t.iii.ti.Qi'.t.....t...t.ﬁt....i.ﬁ..

/7
// Establish Data Files for Plotting

RTETRUE « sqQrt(ETRUE);
RTEFILT = sqrt(EPILT);
timesT = (0 0 0);
for { = 1:ITOTAL;...
timesT « {timesT, {, 1, 1);...
end
times = delt * timesT’;
display(’'Data is now ready for plotting.’)
//

//....l'.....i.t.Q.........i..0...ttlﬁ....ii...t.lii.l.ﬁ..'....Q..

//

// Generate Plots Iteratively, until user quits
/

MOREPLTS = 1,
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while MOREPLTS >« 1;...
inquicre j 'Enter integer index of variable of interest: ;...
inquire strtt 'Enter Ylot start time: ’;...
inquire stpt 'Enter plot stop time: “j...
stt=((strtt/delt)*3)e¢l;. ..
spt=((stpt/delt)+l)e3;...
xpletimes(stt:spt);...
yfl-[nnnuz(ut:spt,j) RT!PIL‘I‘(ltt:lpt,g)];...
plot(xpl,ypl,’symbol mark 2 4 line xlabel/SECONDS/ ylabel /ERROR/...

title/LEGEND: TRUZ(O), PILTER-COMPUTED(+)/ grid’');...

ause;...
dnquito MOREPLTS ‘Do you want more plots Enter 1 for YES or 0 for NO: ’;...
end;
clear j strtt stpt 1in77 grd7 stt spt,
ecase;
//
/7 €nd of Loop to Generate Plots
F e i
//

clear NEWVARS OKV Pap Pep Pepf Papc Pepc Pepcf em ep epc Ca Kass Qda;

clear emf epf epcf Pem Pemf K Pp Aa Ka MOREPLTS Pao Da Pam PHIa Pm xpl ypl;
//...Qti..tt.ﬁl...l.i‘i.i.....lt..ﬁt.i.‘t'ii...t.l.tl.i.t.t.t.iﬁtt
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// This Macro plots results from MMAESIN that are thesis

// quality to be used for printing on the LNO3 laser printer.
/7

prleprb(:,4:9);

pr2=prb(:,10:16),

//
plot(ti,prl, 'strip ..

tltlo/?robabillty, AOA Sensor_Pailure/ ...
ynin/0/ yaax/1/ ...

xlabel/Time (seconds)/ ...
xlabol/rr|A1|A2|A3|A4|AS/ )

ard( plls2_hfsl.dat’)

plot(tl pr2,‘strip ..

title/?robabllity, AOA Sensor_railure/ ...
ymin/0/ ymax/1/ ...

xlabel/Time (seconds)/ ...
ylabel/SllSllSJlSl|$S|SGIS7/ )
hard(’pl2s2_hfsl.dat’)

/7
//8gla{gt(:,1:8),98(
sgle(gt(:,1:4),98(:,
sg2=(st(:,5:8),98(:,
7/

rtod«57,29578;
8gl(:,1)=rtod*sgl(:,1)
sgl(:,3: 4)-rtod'sgl( '
8g2(:,1:4)=rtod*sg2(:,
//

plot(ti,sgl,'stcip ...
titlo/Statol. AOA_Sensor_Failure/ ...
xlabel/Time (seconds)/ ... .
ylabel /theta{ujalpha|{q|Ancg/’}
hard(’pl3s2_hfsl.dat’)

/7

plot(ti,sg2, 'strip ...

title/States, AOA_Sensor _Failure/ ...
xlabel/Time (seconds)/ ...
ylabel/th|bota|p|:|Aycq/')
hard(’'pld4s2_hfsl.dat’)

/7
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// SETUPBLl .MXX MATRIXX EXECUTABLE MACRO

//

/7 Author: Capt Gregory L. Stratton

7/ Date created: 20 August 1991

// Date reviged: 26 September 1991

//

// This macro creates and saves to files all the required

// wmatrices for a single bank, as used in MMAESIM. This

/7 18 notmally called from the macro FILECREATE.MXX, however,
// it can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

//

// Below are listed the required input matrices and variables:
//

/7 as, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

/7 9, The white Gaussian noise multiplier matrix (as in Grw(t))
// qd, An identity smatrix of size 14x14

/7 q. The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix augmented with 1lst order actuators
// bcon, The 14x6 B matrix of the augmented system

/7 hcon, The 7x14 H matrix of the measurement equation

/7 delrt, The sample time (here 1/64 Bz)

// n, number of states of the augmented systea (here 14)
// bank, number of bank of which filters are being created
// czld, column vector of 14 zeros

/7 cz8, column vector of 8 zeros

// rzld, row vector of 14 zeros

//

// Note: any of the variables above with ’'con’ in its name may
// contain rows or columns of zeros, simulating an already
// detected first failure.

//

// This macro creates 14 files of the form: FxxBl.DAT

// where xx is the filter number (04 thru 17)

// This macro calls the macro "atx.mxx® which generates the required
// matrices for each filter.

/7

/7

// 8 TART MACRDO

//

//

/7 fully functional filter, €04

//

tbke.04+bank,/10000;

f=faug;

b=baug;

bb=borig;

h=horig;

exec({‘mtx.mxx’)
fsave ‘'r04B1.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

also save the fully functional case to the first
theee ‘filters’ (truth models) so as to have at
least something to start with

usually the first truth model (fO0lbl.dat) will
be the fully functional case, and f02bl.dat and
£03bl.dat will hold the first single and double
failure truth models respectively

fsave ’'f03bl.dat’ ...
tbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f02bl.dat’ ...
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tbx aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f01bl.dat’ ...

tbk aa bb phix bd cqd h gkt r ak akinv detak
//

/7 actuator 1 failure filter, #0S

//

fbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

/78(:,9)eczld;

b(:,1l)=czld;

bb=bbcon)

bb(:,1)=cz8;

exec{'mtx.mxx’)

fsave 'r0Sal.dat’ ...

fbk aa bb phix bd cqd h gkt r ak akinv detak
//

// actuator 2 failure tilter, 906

/7

fbke=fbk+.01;

f=fcon;

b=bcon;

hehcon;

//780:,10)mczld;

b(:,2)=czlé;

bbsbbcon;

bb{:,2)=cz8;

exec(’'matx.mxx’)

fsave ‘ro6sl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 3 fallure filter, #07

//

fbk=£fbk+.01;

feafcon;

bebcon;

h=hcon;

/780,11 )mczld;

b(:,3)eczld;

bb=bbcon;

bb{:,3)=cz8;

exec{’'mtx.mxx’)

fsave ‘PO7B1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// @actuator 4 failure filter, $08

/7

fbk=£fbk+.01;

fefcon;

bebcon;

h=hcon;

//780:,12)=czld;

b(:,4)=czl4;

bbebbcon;

bb(:,4)ec28;

exec(’'mtx.mxx')

fsave 'rossl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 5 failure filtec, #09

/7
fbk=fbk+.01;
fefcon;
b=bcon;
h=hcon;

D-19




//78(:,13)=c3ld;

b(:,5)=czld)

bb=bbcon;

bb(:,5)=cz8;

exec({'mtx.maxx’)

fsave 'FO9Bl.dat’ ...

tbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 1 faflure filter, #10

//

fbkefbk+.01;

f=fcong

bebcon;

he=hcon;

h(l,:)=r214;

bbebbcon;

exec(’mtx.mxx’)

fgsave ‘PlOB1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 2 failure filter, #11

//

fbk=fbk+.01l;

f=fcon;

bebcon;

h=hcon;

h{(2,:)=c214;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'FliBl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, #12

//

fbkefbk+.01;

fefcon;

b=bcon;

hehcon;

h(3,:)=rz2ld;

bbebbcon;

exec({'mtx.mxx’)

fsave 'F1281.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
V4

// sensor 4 failure filter, #13

//

fbk=fbk+,01;

fafcon;

bebcon;

h=ahcon;

h{d,:)=rzld;

bb=bbcon;

exec(’'matx.mxx’)

fesave 'Fl3sl.dat’ ...

tbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor S5 failure filter, ¥14

7/

tbk=fbk+.01;

f=fcon;

b=bcon;

hehcon;

h(S,:)=rz2ld;
bb=bbcon;
exec('mtx.mxx’)

fsave 'Fld4sl.dat’ ...




fbk aa bd phix bd cqd h gkf r ak akinv detak

//
/7 sensor 6 failure filter, #15

//

fbk=fbk+.01;

f=fcon;

bebcon;

h=hcon;

h{(6,:)=r214,

bb=bbecon;

exec( 'mtx . .mxx’)

fsave ‘rlSsl.dat’ ...

fbk aa bb phix bd cqd h gkt r ak akinv detak
//

/7 sensor 71 fallure filter, $16

//

fbkafbk+.01;

t=fcon;

b=bcon;

hehcon;

h(7,:)=rzld;

bbebbcon;

exec(’'atx.mxx’)

fsave 'rlésl.dat’ ...

fbk aa bdb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, #17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was $10,

// but is now appended on to the end {(as filter $17)
/7 if used.

//

//fbkefbks+ . 01;
//f=fcon;

//b=bcon;

//h=hcon;

777780 ,14)=c2ld;
//70(:,6)=c2ld;
//bb=bbcon;
//bb(:,6)=c28;
//7¢exec{'mtx.maxx’)
//7{save 'F10B1.dat’ ...
//fbk aa bb phix bd cqd h gkf r ak akinv detak
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// SETUPB2.MXX MATRIXX EXECUTABLE MACRO

//

7/ Author: Capt Gregory L. Stratton

// Date created: 20 August 1991

// Date revised: 26 September 1991

//

// This macro creates and saves to files all the required

// matrices for a single bank, as used in MMAESINM. This

/7 is normally called from the macro PILECREATE.MXX, however,
// it can be used by ltself as long as the below listed

// variables currently exist in memory in matrixx.

//

// Below are listed the required input matrices and variables:
V4

/7 2, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

/7 9, The white Gaussian noise multiplier matrix (as in Gew(t))
/7 qd, An identity matrix of size 14xld

7/ q., The white Gaussian noise covariance matrix

/7 fcon, The 14xl4 plant matrix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented systea

// hcon, The 7x14 H matrix of the measurement equation

// delt, The sample time (here 1,/64 Hz)

/7 n, number of states of the augmented system (here 14)
// bank, number of bank of which filters are being created
/7 czld, column vector of 14 zeros

/7 cz8, coluan vector of 8 zeros

/7 rzld, row vector of 14 zeros

/7

// Note: any of the variables above with ‘con’ in its name may
7/ contain rows or columns of zeros, simulating an already
// detected first failure.

Va4

// This macro creates 14 files of the form: FxxB2.DAT

/7 where xx is the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter,

//

//

// S TART MACRDO

//

V4

// fully functional filter, #04

//

fbke. 04+bank/10000;

f=faug;

b=baug;

bbeborig;

h=horig;

exec(’'matx.maxx’)
fsave 'F04B2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

also save the fully functional case to the first
three 'filters’ (truth models) so as to have at
least something to start with

usually the ficrst truth model (£f01B2.dat) will
be the fully functional case, arAd £02B2.dat and
£03B2.dat will hold the first single and double
failure truth models respectively

fsave '£03B2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f02B2.dat’ ...
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tbk aa bb phix bd cqd h gkf r ak akinv detak
fsave *£01B2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 1 failure filter, 405

/77

fbk=fbk+.01;

f=fcon;

babcon;

h=hcon;

/780 ,9)=c2ld,
b{:,1)ecsld;
bb=bbcon;
bb(:,1)=c28;
exec('mtx.mxx’)

fsave °'rF0SB2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

/7
/7 actuator 2 failure filter, #06

//

fbk=fbk+.01)

f=fcony

b=bcon;

h=hcon;
//78(:,10)=czld;
b(:,2)eczlé;
bbebbcon;
bb(:,2)=c28;
exec(’'mtx.mxx’)

fsave ‘roés2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

/7
// actuator 3 failure filter, $07

//

fbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

//78(:,11)=c214;

b(:,3)=czld;

bb=bbcon;

bb(:,3)=c28;

exec{’'mtx.mxx’)

fsave 'P07B2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator & fallure filter, €08

/7

fbk=fbk+.01;

fafcon;

b=bcon;

h=hcon;

/780 ,12)mc2ld;

b(:,4)=czld;

bb=bbcon;

bb(:,4)=cz28;

exec({’'mtx.mxx’)

fsave 'POBB2.dat’ ...

bk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 actuator S5 failure filter, #09

//
fbkefbk+.01;
f-fcong
bebcon;
h=hcon;
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/7€8(:,13)=c2l4;,

b(:,5)=czld;

bbebbcon;

bb(:,S)=cz8;

exec(’'mtx.mxx’)

fsave 'PO9B2.dat’ ...

tbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 1 failure filter, $10

//

fbk=fbk+.01;

t=fcon;

b=bcon;

h=hcon;

h(l,:)=rz14;

bbebbcon;

exec('mtx.mxx’)

fsave 'rios2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 2 failure filter, #11

//

fbk=£fbke.01;

fefcon;

b=bcon;

hehcon;

h(2,:)erzld;

bbe=bbcon;

exec(’'mtx.mxx’)

fsave ’'PliB2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, $12

//

fbkefbk+.01;

t=fcon;

bebcon;

h=hcon;

h(3,:)=czléd;

bb=bbcon;

exec{'matx.axx’)

fsave 'rlap2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 4 faillure filter, §13

Ved

fbkefbke+.01;

f=fcony

bebcon;

h=hcon;

h(d,:)=rzld;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'ri1is2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor S faillure filter, $#14

Ved

fbk=fbks+ .01,

f=fcon;

b=bcon;

h=hcon;

hN(S,:)erzld;
bb=bbcon;
exec(’'mtx, . mxx’)

feave ‘Fld4B2.dat’ ...
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fbk aa bb phix bd cqd h gkt r ak akinv detak

7/
7/ sengor 6 failure filtecr, #1S

7/

fbk=£fbk+.01;

tefcon;

b=bcon;

hehcon;

hi{6,:)=r214y

bb«bbcon;

exec(’mtx.mxx’)

fsave 'r15s2.dat’ ...

£bk aa bb phix bd cqd h gkt r ak akinv detak
7/

// sensor 7 failure filter, 16

//

fbk=£fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(7,:)=c2ld;

bbabbcon;

exec('mtx.mxx’)

fsave 'r1ép2.dat’ ...

fbk aa bb phix bd cqd h gkt ¢ ak akinv detak

// actuator 6 fajlure filter, #17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was #10,

// but is now appended on to the end (as filter #17)
// Lf used.

//

//fbkefbk+ .01 ;
//f=fcon;

//b=bcon;

//h=hcon;

777780, 14)=c21d;;
//b(1,6)=c2ld;
//bb=bbcon;
//bb(:,6)=cz8;
//7exec(’atx.axx’)
//tsave 'PLOB2 . dat’ ...
//fbk aa bb phix bd cqd h gkt r ak akinv detak
//

return

//

77
Val
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// SETUPB3I.MXX MATRIXX EXECUTABLE MACRO
//

// Author: Capt Gregory L. Stratton
/7 Date created: 20 August 1991

// Date revised: 26 September 1991

V4

// This macro creates and saves to files all the required

// matrices for a single bank, as used in MMAESIN., This

// is normally called from the macro FILECREATE.MXX, however,
// it can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

// Below are listed the required input matrices and variables:

// aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

7/ q., The white Gaussian noise maultiplier matrix (as in Gew(t))
// qd, An identity matcix of size 14xld

// q., The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented system

/7 hcon, The 7x14 H matrix of the measureaent equation

// delt, The sample time (here 1/64 Hz)

// n, number of states of the augmented systea (here 14)

// bank, nusber of bank of which filters ace being created

// cs3l4, column vector of 14 zeros

Va4 cz8, column vector of 8 zeros

// rzld, row vector of 14 zeros

//

// Note: any of the variables above with ‘con’ in {ts name may

// contain rows or columns of zeros, simulating an already

Vo4 detected ficst faiflure.

/7

// This macro creates 14 files of the form: PxxB3.DAT

// where xx is the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// watrices for each filtecr.

// S TART MACRO

// fully functional filter, #04

//

fbk=.04+bank/10000;

f=faug;

b=baug;

bbeborig;

he=horig;

exec(’'mtx.mxx’)

fsave 'rods3l.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
// three 'filters’ (truth models) so as to have at
// least something to start with

// vusually the first truth model (£01B3.dat) will
// be the fully functicnal case, and £02B3.dat and
/7 £03B3.dat will hold the first single and double
// ftailure truth models respectively

fsave 'f03B3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f02B3.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f0l1B3.dat’ ...
tbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 1 failure filter, $0S

//

fbk=fbk+.01;

f=fcon;

b=bcon;

hehcon;

//780:,9)=c2l4;

b(:,1)=c3ld;

bb=bbcon;

bb(:,1)=cz8;

exec('mtx. .mxx’)

fsave ‘P0SB3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
7/

// actuator 2 failure filter, $06

//

fbkefbk+.01;

tefcon;

bsbcon;

h=hcon;
//7€(:,10)uczld;
b(:,2)=c2l4;
bbebbcon;
bb(:,2)=c28;
exsc{’'mtx.maxx’)

fsave 'r06B3.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 3 failure filter, $07

/7

fbk=fbk+.01;

f=fcon;

bebcon;

hehcon;

/780,11 )mc2ld;

b{:,3)=czld;

bb=bbcon;

bb(:,3)=c28;

exec(’'mtx . mxx’)

fsave ‘F07B3.dat’ ...

bk aa bb phix bd cqd h gkf r ak akinv detak
7/

// actuator 4 failure filter, #08

//

fbk=£fbke+.01;

fefcon;

bebcon;

h=hcon;

//78(:,12)=cz2ld;

b(:,4)=c214;

bb=bbcon;

bb(:,4)=c28;

exec(’'mtx .mxx’)

fsave 'rogs3.dat’ ...

bk as bb phix bd cqd h gkt r ak akinv detak
//

// 8ctuator 5 failure filter, $09

//
fbkefbk+.01;
fefcon;
b=bcon;
h=hcon;
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/780,13 )=czldy

b(:,5)=czléd;

bbebbcon;

bbi:,5)=cz8;

exec{’'mtx.mxx’)

fsave ’‘rogpi.dat’ ...

fbk aa bb phix bd cqd h gkf ¢ ak akinv detak
Va4

/s sensor 1 failure filter, #10

//

fbk=£fbk+.01;

f=fconjy

b=bcon;

h=hcon;

h(l,:)=rzld;

bbebbcon;

exec{’'mtx.mxx’)

fsave 'P10B3.dat’ ...

fbk aa bb phix bLd cqd h gkt r ak akinv detak
/7

// sensor 2 failure filter, #11

//

fbkefbk+.01;

fefcong

bebcon;

hehcon;

hi(2,:)erzld;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'Fl1B3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, €12

//

fbkefbk+,01;

fufcon;

b=bcon;

h=hcon;

h(3,:)e=rzldy

bbebbcon;

exec{ 'mtx.mxx’)

fgsave ‘Fl12m3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detek
/7

// sensor 4 failure filter, 413

//

fbk«£fbk+.01;

tafcon;

b=bcon;

hshcon;

h(d,:)=rzld;

bbe=bbcon;

exec({’'mtx.mxx’)

fsave ‘rl3isd dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor S5 failure filter, #14

//

fbkwfbke+.01;

fefcon;

bsbcon;

he=hcon:

h(S,:)=rz2ld;
bb=bbcon;
axec(’'mtx.axx’)

tsave ‘Fida3. dat’ ...
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£bk aa bb phix bd cqd h gkf r ak akinv detak

/7
// sensor 6 failure filter, #15

/7

fbkefbk+.01;

f=fcon;

be=bcon;

he=hcon;

h(6,:)=rs14;

bb=bbcon;

exec(’'mtx.mxx’)

fsave ‘riSpl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

// sensor 7 failure filter, #16

//

fbk=tbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(7,:)=r214d;

bbebbcon;

exec(’'mtx.mxx’)

fsave ‘Fl6B3.dat’ ...

fbk aa bb phix bd ¢qd h gkf r ak akinv detak

// actuator 6 failure filter, #17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was #10,

// but is now appended on to the end (as filter $17)
// if used.

V4

//5bk=fbk+.01;

//f=fcon;

//b=bcon;

//h=hcon;

/77780, 14)=c214;

//7b(:,6)=czld;

//bb=bbcon;

//bb{1,6)=c28,

//7exec(’'mix.mxx’)

//fsave 'F10B3.dat’ ...

//fbk aa bb phix bd cqd h gkf r ak akinv detak
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// SETUPB4 .MXX MATRIXX EXECUTABLE MACRO

//

// Author: Capt Gregory L. Stratton

/7 Date created: 20 August 1991

// Date revised: 26 September 1991

//

// This macro creates and saves to files all the required

// matrices for a single bank, as used in MMAESIM. This

// 1is normally called from the macro PILECREATE.MXX, however,
// 1t can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

7/

// Below are listed the required input matrices and variables:
//

7/ aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

// 9. The white Gaussian noise multiplier matrix (as in G*w(t))
// qd, An ldentity matrix of size 14éxld

/7 q, The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented aystem

// hcon, The 7x14 H matrix of the measurement equation

// delt, The sample time (here 1/64 Hz)

// n, number of states of the augmented system (here 14¢)
// bank, number of bank of which ti?terl are being created
// ctld, column vector of 14 zeros

// cz8, column vector of 8 zeros

// rtzld, row vector of 14 zeros

/7

// Note: any of the variables above with ’'con’ in its name may
/7 contain rows or columns of zeros, simulating an already
// detected first failure.

V4

// This macro creates 14 files of the form: FxxB4.DAT

// where xx is the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter.

//

//

// S TART MACRDO

V4

//

// fully functional filter, 404

/7

fbke.04+bank/10000;

f=faug;

b=baug;

bbeborig;

h=horig;

exec(’'mtx.mxx’)
fsave 'PO4B4.dar’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

also save the fully functional case to the first
three "filters’ (truth models) so as to have at
least something to start with

usually the first truth model (f01Bd.dat) will
be the fully functional case, and f02B4.dat and
£0384.dat will hold the first single and double
failure truth models respectively

fsave ‘£03B4.dat’ ...
fbk aa bb phix bd c¢qd h gkf r ak akinv detak
fsave '£02B4.dat’ ...
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fbk aa bb phix dbd cqd h gkf r ak skinv detak
fsave "£01B4.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 1 failure filtecr, #05

//

fbk=fbk+.01;

fefcon;

bsbcon;

hehcon;

//7€(:,9)=cz2id;

b(:,1)=czld;

bb=bbcon;

bb(:,1)=c28;

exec(’'mtx.mxx’)

fsave 'F05B4.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 2 failure filter, #06

//

tbk=fbk+.01;

f=fcon;

bebcon;

hehcon;
7/7€8(:,10)=czld;
b(:,2)=czl4;
bb=bbcon;
bb{:,2)=cz8;
exec(’mtx.mxx’)

fsave 'FO6B4.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

/77
// actuator 3 failure filter, #07

//

fbkefbk+.01;

t=fcon;

bebcon;

heshcon;

//780:,11)mczld;

b(:,3)=czld;

bb=bbcon;

bb(:,3)=c28;

exec(’'mtx.mxx’)

fsave ‘P07B4.dat’ ...

gbk aa bb phix bd cqd h gkf tr ak akinv detak
4

// actuator 4 fajlure filter, #08

//

fbk=£fbk+.01;

t«fcon;

bebcon;

h=hcon;

/7801 ,12)=czld;
b(:,4)=czld;
bb=bbcon;
bb(:,4)=cz28;
exec{'mtx.mxx’)

tsave 'rogsd4.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

V4

// actuator S5 failure filter, 409
7/

fbke=fbk+.01;

t=fcon;

bebcon;
h=hcon;
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/77€0:,13)mc2ld;

b(:,S5)=cald;

bbebbcon;

bb(:,5)=c28;

exec(’'mtx.mxx’)

fsave 'r09p4.dac’ ...

bk aa bb phix bd cqd h gkf r ak akianv detak
//

// sensor 1 fallure filter, $#10

//

fbkefbke+.01;

f=fcon;

b=bcon;

h=hcon;

h(l,:)=r2zld,

bbebbcon;

exec(’'mtx.mxx’)

fsave ‘riopd.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 2 failure filter, #11

/7

fbk=fbk+.01,

f=fcon;

bebcon;

hehcon;

h(2,:)=rzl4;

bbebbcon;

exec(’mtx.mxx’)

fsave ‘PFllBd.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, #12

V4

fbkefbk+.01;

fefcon;

b=bcon;

hehcon;

h(3,:)er31d;

bb=bbcon;

exec({'mtx.mxx’)

fsave ‘P12B4.dsc’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 4 failure filter, #13

Ved

fbk=£fbk+,01;

fefcon;

bebcon;

hehcon;

h(d,:)=rz14;

bb=bbcon;

exec('mtx.mxx’)

fsave ‘Fl3pd.dat’ ...

fbk aa bb phix bd cqéd h gkf r ak akinv detak
//

// sensor S failure filter, #14

/7

fbkefbk+ .01,

f=*con;

b=bcon;

h=hconj

hi(S,:)=rzld,
bb=bbcon;
exec(’'mtx.mxx’)

fsave 'Flds4.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

V4
/7 sensor 6§ fallure filter, #15

//

fbkefbk+.01;

fefcon;

bebcon;

h~hcon;

h(6,:)=rzld;

bb=bbcon;

exec(’'atx.mxx’)

fsave 'P1584.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 7 failure filter, $16

Ved

fbk=fbk+.01;

fufcon;

bebcon;

hehcon;

h(7,:)=c2l4d;

bb=bbcon;

exec( 'mtx.mxx’)

fsave 'Fl6Bd.dat’ ...

fbk as bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, #17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was #10,

// but is now appended on to the end (as filter $17)
//7 §f used.

//

//fbk=tbke+ . 01;
//f=fcon;

//b=bcon;

//h=hcon;

/777802 ,14)eczld;
//b(:,6)=czld;
//bb=bbcon;
//bbl:,6)=c28;
//7exec(’'mtx . mxx’)
//fsave 'P10B4.dat’ ...
//7fbk aa bb phix bd cqd h gkt t ak akinv detak
/7’

return

//

7/
778
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// SETUPBS .MXX MATRIXX EXECUTABLE MACRO
/7

Va4 Author: Capt Gregory L. Stratton
s/ Date created: 20 August 1991

/7 Dace revised: 26 September 1991

7/

// This macro creates and saves to files all the required

// mattices for a single bank, as used i{n MMAESIM. This

/7 s normally called from the macro PILECREATE.MXX, however,
/7 it can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

// Below are listed the required input matrices and variables:

/7 aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

/7 9. The white Gaussian noise multiplier matrix (as in G*w(t))
Va4 gd, An identity matrix of size ldxld

// q., The white Gaussian nolise covariance matrix

// fcon, The 14x14 plant matrix augmented with 1lst order actuators
// bcon, The 14x6 B matrix of the augmented systea

//7 hcon, The 7x14 H matrix of the measurement equation

// delt, The saaple time (here 1/64 Hz)

/7 n, number of states of the augmented systes (here 14)

// bank, number of bank of which filters are being created

// czlid, column vector of 14 zeros

// cz8, column vector of 8 zeros

// rzld, tow vector of 14 zeros

//

// Note: any of the variables above with ‘con’ in its name may

7/ contain rows or coluans of zeros, simulating an already

/7 detected first failure.

//

// This macro creates 14 files of the form: FxxBS.DAT

// where xx {s the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter.

/77 S8 TART MACRDO

/
/7 fully functional filter, $04

/7
fbk=.04+bank/10000;
t=faug;

b=baug;

bbsborig;

h=horig;
exec(’'mtx.mxx’)
fsave ‘P04BS.dat’ ...
£bk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
// three ’"filters’ (truth models) so as to have at
// least something to start with

// usually the first tcuth model (£01BS.dat) will

// be the fully functional case, and f02B5.dat and
// €0385.dat will hold the first single and double
// fajlure truth sodels respectively

//
fsave ‘£0385.dat’ ...

f£bk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£02BS.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave ‘f0185.dat’ ...
fbk as bb phix bd cqd h gkf r ak akinv detak

/7
// actuator 1 failure filter, #05

//

tbkefbk+.01;

fefcon;

b=bcon;

heshcon;

/7802 ,9)=c3l4y

bl:,1)=czld;

bbebbcon;

bb(:,1)=c28;

exec('mtx.mxx"')

fsave 'P0S5BS5.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
7/

// actuator 2 failure filter, $06

//

fbk=fbke+.01;

f=fcon;

be=bcon;

hehcon;
/7/78(:,10)=c2ld;
b(:,2)=cz14;
bbebbcon;
bb(:,2)=c28;
exec({’mtx.mxx"’)

fsave 'roéss.dat’ ...
fbk aa bb phix bd c¢qd h gkf r ak akinv detak

Va4
// actuator 3 failure filter, $07

//

fbk=fbk+.01,

fefcon;

b=bcon;

hshcon;

/7802 ,11)=c2ld;

b(:,3)=czld;

bb=bbcon;

bb(:,3)ecz8;

exec(’'mtx.maxx’)

fsave 'r07BS.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 4 faflure filter, #08

//

tbk=fbke+ . 01;

t=tcon;

bebcon;

hehcon;

/7802 ,12)=c2ld;

b(:,4)=czl4;

bb=bbcon;

bb(:,4)=c28;

exec(’mtx .mxx’)

fsave ‘r0885.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 5 faflure filter, $09

//

tbkefbke .01,
t=fcon;
bebcon)
h=hcon;
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//78(:,13)=mc2l 4,

b(:,5)=czl4d;

bb=bbcon;

bb(:,5)=cz8;

exec(’'mtx.mxx’)

tsave 'PFO9BS.dat’ ..

fbk aa bb phix bd ch h gkf r ak akinv detak
/7

// sensor 1 failure filter, #10

//

£bk=£fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(l,:)=r2l4;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'PF10BS.dat’ ...

fbk aa bb phix bd cqd h gkt r ak akinv detak
//

// sensor 2 failure filter, #11

//

fbkefbk+.01;

f=fcon;

bebcon;

hehcon;

h(2,:)=c214;

bbsbbcon;

exec(’'atx.mxx’)

fsave 'Fl1B85.dat’ .

fbk as bb phix bd ch h gkf r ak akinv detak
//

/7 sensor 3 failure filter, #12

//

tbk=£fbk+.01;

f=fcon;

b=bcon;

hehcon;

h(3,:)erzld;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'P12B5.dat’ ..

tbk aa bb phix bd ch h gkf r sk akinv detak
/77

/7 sensor 4 failure filter, 413

//

tbkefbk+.01;

f=fcon;

b=bcon;

hehcon;

hid,:)=rzld;

bb=bbcon;

exec({’'atx.mxx’)

fsave ‘rF13BS.dat’ ...

fbk aa bb phix bd ch h gkt r ak akinv detak
//

// sensor S failure filter, $14

//

fbk=£fbk+.01;
fefcon;

b=bcon;

h=hcon;
h(S,:)=r214;
bbebbcon;
exec({’'matx.mxx’)
fsave ‘Pl14B5.d4at’
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fbk aa bb phix bd cqd h gkf r ak akinv detak

Va4
// sensor 6 failure filter, $15

//

fbk=fbk+.01;

tefcon;

b=bcon;

h=hcon;

h(6,:)=r2ld;

bb=bbcon;

exec({’'mtx.mxx’)

fsave 'r15pS5.dat’ ...

fbk aa bb phix bd c¢qd h gkt r ak akinv detak

//
// sensor 7 failure filter, #16

//

fbk=£fbk+.01)

t=fcon;

bebcon;

h=hcon;

RN(7,:)mcz2ld;

bbebbcon;

exec(’'mtx.mxx’)

fsave ‘Fl6B85.dat’ ...

fbk aa bb phix bd cqd h gkt r ak akinv detak

// actuator 6 failure filter, #17

// this has been removed, but can be uncomamented out
// originally, the failed act 6 filter was $10,

// but is now appended on to the end (as filter §#17)
/7 1t used.

V4

//tok=tbks .01,
//t=fcon;

//babcon;

//h=hcon;

/77780 ,14)=c3ldy
//b(:,6)eceld;
//bb=bbcon;
//7bb(1,6)=c38;
//7exec(’'mtx.mxx’)
//fsave 'P1OB5.dat’ ...
//7tfbk aa bb phix bd cqd h gkf r ak akinv detak

D-37




// SETUPBG6.MXX MATRIXX EXECUTABLE MACRO
/7

Vo4 Author: Capt Grogorg L. Stratton
Vo4 Date created: 20 August 1991

// Date reviged: 26 September 1991

/7

// This macro creates and saves to files all the required

// wmatrices for a single bank, as used in MMAESIM., This

// 18 normally called from the macro FILECREATE.MXX, however,
// it can be used by itself as long as the below listed

// vatiables currently exist in memory in matrixx,

// Below are listed the required input matrices and variables:

/7 aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

7/ g. The white Gaussian noise multiplier matrix (as in Gew(t))
// 9d, An {dentity matrix of size 1dxld4

// q., The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix sugmented with 1st order actuators
// bcon, The 14x6 B matrix of the augmented system

// hcon, The 7x14 H matrix of the measurement equation

// delt, The sample time (here 1/64 Hz)

// n, nuaber of states of the augmented system (here 14)

// bank, number of bank of which filters are being created

// c3l4, column vector of 14 zeros

Va4 cs8, column vector of 8 zeros

// reld, row vector of 14 zerocs

/7

// Note: any of the variables above with ‘con’ in its name may

// contain rows ot columns of zeros, simulating an already

/7 detected first failure.

/7

// This macro creates 14 files of the form: PxxB6.DAT

// where xx is the filter number (04 thru 17)

/7 This macro calls the macro "atx.maxx" which generates the required
// matrices for each filter.

// S TART NACRDO

/7 fully functional filter, $04¢

//

fbk=.04+bank/10000;

tafaug;

b=baug;

bbeborig;

hehorig;

exec(’'mtx.axx’)

fsave 'r04m6.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
/7 three "filters’ (truth models) so as to have at
// least something to start with

/7 usually the first truth model (£f01B6.dat) will
/7 be the fully functional case, and f02p6.dat and
/7 £0386.dat will hold the first single and double
/7 failure truth sodels respectively

/7
fesave "f£03IB6.dat’ ...

fbk aa bb phix bd ch h gkf r ak akinv detak
fsave ‘£02B6.dat’ ..
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£0186.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// @actuator 1 failure filter, #0S

//

fbkafbke+. .01,

f=fcon;

bebcon;

hehcon;

/7818,9)=c214;

b{:,1)=cszld;

bb=bbcon;

bb(:,1)=cz8;

exec(’'atx. mxx’)

feave ‘'POSB6.dat’ ...

£bk aa bb phix bd cqd h gkf r ak akinv detak
Va4

// actuator 2 failure filter, $06

//

fbk=fbk+.01;

fefcon;

bebcon;

h=hcon;

//78(:,10)=czld;;

b(:,2)=cz14;

bb=bbcon;

bb(:,2)=cz28;

exec('mtx.mxx’)

fsave ‘'P06B6.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 3 faflure filter, #07

//

fbk=fbk+.01;

fefcon;

b=bcon;

h=hcon;

//7€8(:,11)ec3l4d;

b(:,3)=czld;

bbebbcon;

bb(:,3)=cs8;

exec({’'mtx.maxx’)

fsave 'P0786.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 4 failure filter, 408

//

fbk=£fbk+.01;

fefcon;

bebcon;

h=hcon;

/778(:,12)=c214;

b{:,4)=czl4;

bb=bbcon;

bb(:,4)=c28;

exec({’'mtx.mxx’)

fsave ‘rossé.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7/

// actuator S failure filter, $09

//
fbk=£fbk+.01;
fefcon;
bebcon;
hehcon;
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/7€(1,13)=czld;

b(:,5)=c314;

bbabbcon)

bb(:,5)=c28;

exec{’'mtx.mxx’)

fsave 'FO9BS.dat’ ...

bk aa bb phix bd cqd h gkf r ak akinv detak
/7

// sensor 1 failure filter, $10

//

fbk=£fbk+.01;

f=fcon;

b=bcon;

h=hcon;

hi(l,:)=r2l1d;

bbesbbcon;

exec(’mtx.mxx’)

fsave 'P10B6.dat’ .

fbk aa bb phix bd ch h gkf r ak akinv detak

//
/7 sensor 2 failure filter, #1l1

//

fbk=£fbk+,01;

t=fcon;

bebcon;

h=hcon;

N(2,:)=rz2ld;

bbebbcon;

exec({’'mtx.mxx’)

fsave ‘'rP1igé.dat’ ..

fbk aa bb phix bd qu h gkf r ak akinv detak
//

// sensor 3 failure filter, $12

//

tbk=£fbk+.01;

f=fcon;

be=bcon;

h=hcon;

h(3,:)=rz214;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'rla2m6.dat’ .

fbk aa bb phix bd ch h gkf r ak akinv detak
/7

// sensor 4 failure filter, §13

//

fbk=fbk+.01;

f=fcon;

bebcon;

hshcon;

hid,:)=rzl4;

bb=bbcon;

exec(’mtx.mxx’')

fsave 'r13pé.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 5 failure filter, 14

//

fbk=£fbk+.01;
f=fcon;

be=bcon;

hehcon;
h{S,:)=rzld;
bb=bbcon;
exec(’atx.mxx’)
fsave ‘P1486.dat’
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fbk aa bb phix bd cqQd h gkt r ak akinv detak

//
// sensor 6 failure filter, #15

//

fbk=fbk+.01;

f=fcon;

b=bcon)

hehcon;

hi{6,:)=rzld;

bb=bbcon;

exec('mtx.mxx’)

fsave 'P1586.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 7 failure filter, $16

/7

fbkefbk+.01;

f=fcon;

b=bcon;

h=hcon;

hi{7,:)=r214;

bb=bbcon;

exec(’‘mtx.mxx’)

fsave 'Fl6B6.dat’ ...

bk aa bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failuce filter, #17

/7 this has been removed, but can be uncomaented ocut
//7 originally, the failed act 6§ filter was #10,

// but is now appended on to the end (as filter #17)
/7 At used.

//

//€fbk=fbks+ .01,
//Ef=tcon;

//b=bcon;

//h=shcon;
/7/778(:,14)=c2ld;
//0(:,6)=cz214)
//bbsbbcon;
/7bb(:,6)=c28;
//7¢exec('mtx.mxx’)
//fsave 'P10B6.dat’ ...
//7fbk aa bb phix bd cqd h gkf r ak akinv detak
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/7

// SETUPBT7 .MXX MATRIXX EXECUTABLE MACRO

// ¥
/7 Author: Capt Gregory L. Stratton .
/7 Date created: 20 August 1991

Vo4 Date revised: 26 September 1991

//

/7 This macro creates and saves to files all the required

// matrices for a single bank, as used in “MAESIM. This

// 18 normally called from the macro FILECREATE.MXX, however,
// 1t can be used by itself as long as the below listed

// variables currently exist in memory in satrixx.

// Below are listed the required input matrices and variables:

// aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

// 9. The white Gaussian nouise multiplier matrix (as in Ge*w(t))
V4 qd, An identity matrix of size 14x1d

// q, The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix augamented with lst order actuators
// bcon, The 14x6 B matrix of the augmented systea

// hcon, The 7x14 H matrix of the measurement equation

// dele, The sample time (here 1/64 Hz)

Va4 n, number of states of the augmented system (here 14)

// tank, number of bank 0f which filters are being created

// celd, columan vector ot 14 zeros

// cs8, column vector of 8 zeros

// rc3ld, row vector of 14 zeros

/7

// Note: any of the variables above with ‘con’ in its name may

// contain rows or columns of zeros, simulating an already

// detected first failure,

7/

// This macro creates 14 files of the form: FxxB7.DAT

// where xx is the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter.

// S TART MACRO

// fully functional filter, #04 -

7/

fbk=.04+bank/10000;

tefaug;

b=baug;

bb=borig;

hehorig;

exec({’'mtx.mxx’)

fsave 'r0d4s7.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
// three 'filters’' (truth models) so as to have at
// least something to start with

// usually the first truth model (f0187.dat) will

// be the fully functional case, and f02B7.dat and
// £03B7.dat will hold the first single and double
// failure truth models respectively

fsave ‘£03B7.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£0287.dat’ ...




fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£01B7.dat’ .
fbkx aa bb phix bd ch h gkf r ak akinv detak

V44
// actuator 1 failure filter, 8§05

//

fbkefbk+.01;

f=fcon;

bebcon;

hehcon;
//78(:,9)=czld;
b(:,1)=c314;
bb=bbcon;
bb(:,1)=cz8)
exec(’'mtx.mxx’)
fsave 'FO0SB7.dat’ ..
fbk aa bb phix bd ch h gkf r ak akinv detak

// actuator 2 failure filter, 806

//

fbk=fbk+.01;

t=fcon;

bebcon;

h=hcon;
//7802,10)=c2ld;
b(:,2)=c214;
bb=bbcon)
bb(:,2)=cz8;
exec(’mtx.mxx’)

fsave ’'roés7.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

/
// actuator 3 failure filter, $07

//

fbkefbk+.01;

f=fcon;

bebcon;

h=hcon;

/780,11 =czld;

b(:,3)=c2zlé;

bb=bbcon;

bb(:,3)=cz8;

exec(’mtx.mxx’)

fsave ‘FO07B7.dat’ ..

£bk aa bb phix bd ch h gkt ; ak akinv detak
/7

// actuator 4 fajlure filter, #08

Ved

tbk=£fbk+.01;
f=fcon;

bs=bcon;

h=hcon;
/780:,12)mcz1d;
b{:,4)=czld;
bb=bbcon;
bb(:,4)=c28;
exec(’'matx.mxx’)
fsave 'FO8B7.dat’ .
tbk aa bb phix bd ch h gkf r ak akinv detak

// actuator 5 fajilure filter, 409
//

fbkefbk+.01;

fafcon;

bebcon;
hehcon;
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//7801,13)=celd;

b(:,5)=cz14;

bb=bbcon;

bb(:,5)=cz8)

exec(’'mtx . mxx’)

fsave ‘ro9s7.dat’ ...

fbk aa bb phix bd c¢qd h gkf r ak akinv detak
//

// sensor 1 faflure filter, $10

/7

fbkefbk+.01;

fefcon;

bebcon;

h=hcon;

h(l,:)=t21l4;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'rloms7.dat’ ...

bk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 2 failure filter, #11

//

fbkefbk+.01;

fafcon;

b=bcon;

h=hcon;

hi{2,:)=r214;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'Flip7.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, $12

//

fbk=fbk+.01;

feafcon;

b=bcon;

h=hcon;

h(3,:)=r214;
bb=bbcon;
exec(’'mtx.mxx’)

fsave 'rl12mp7.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 4 failure filter, $13

//

fbkefbk+.01;

f=fcon;

bs=bcon;

h=hcon;

h(d,:)=r214;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'rii3s7.dat’ ...

fbk sa bb phix bd cqd h gkf r ak akinv detak
//

// sensor S failure filter, #14

//

fbkefbk+.01;

f=fcon;

bebcon;

h=hcon;

hi(S,:)=czld;
bbe=bbcon;
exec(’mtx.mxx’)

fsave ’'Flés7.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

//
/7 sensor 6 failure filter, 815

//

fbkafbk+.01;

f=fcon;

bebcon;

h=hcon;

h(6,:)=rzld;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'riSn7.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detaX

// sensor 7 failure filter, $16

//

tbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(?7,:)=rzld;

bb=bbcon;

exec('mtx.mxx’)

fsave 'Fl6B7.dat’ ...

¢bk aa bb phix bd cqd h gkf r ak akinv detak

/7 actuator 6 failure filter, €17

// this has been removed, but can be uncoamented out
// originally, the failed act 6 filter was 10,

/7 but is now appended on to the end (as filter #17)
/7 Lf used.

//

/7Ebkatbke+ 01
//8=fcon;

//b=bcon;

//h=hcon;

/7777803 ,14)=c214;
//D(:,6)=czld;
//bbe=bbcon;
//bb(:,6)=c28;
//7exec('atx.axx’)
//fsave 'F10B7.dat’ ...
//7€bk aa bb phix bd cqd h gkf r ak akinv detak
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Va4 SETUPBS.MXX MATRIXX EXECUTABLE MACRO

//

// Author: Capt Gregory L. Stratton

Va4 Date created: 20 August 1991

// Date revised: 26 September 1991

/7

// This macro creates and gaves to files all the required

// matrices for a single bank, as used in MMAESIM. This

//7 s normally called from the macro FILECREATE.MXX, however,
//7 it can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

//

// Below are listed the required input matrices and variables:
V4

/7 aa, The 8x8 plant matrix

s/ bbcon, The 8x6 plant B matrix

/7 9. The white Gaussian roise amultiplier matrix (as in G*w(t))
// q4, An identity matrix of sfze 14x14

7/ q, The white Gaussian noise covariance matrix

/7 fcon, The l14xld plant matcix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented system

/7 hcon, The 7x14 B matrix of the measureaent eguation

// delt, The sample time (here 1/64 Hz)

/7 n, number of states of the augmented systeam (here 14%)
// bank, number of bank of which filters are being created
// ctl4, column vector of 14 zeros

// cz8, column vector of 8 zeros

// rzld, row vector of 14 zeros

//

// Note: any of the variables above with ‘con’ in its name may
/7 contain rows or columns of zeros, simulating an already
Va4 detected first failure.

//

// This macro creates 14 files of the form: [FxxB8.DAT

/7 where xx is the filter number (04 thru 17)

// This macro calls the macro "stx.mxx® which generates the required
// matrices for each filter.

/7

//

// S TART MACRDO

//

//

/7 fully functional filter, #04

//

fbke 04+bank/10000;

t=faug;

b=baug;

bbeborig;

h=horig;

exec(’'mtx.mxx’)
fsave 'ro4Bs.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

also save the fully functional case to the first
three ‘filters’ (truth models) so as to have at
least something to start with

usually the first truth model (f0l1B8.dat) will
be the fully functional case, and f02B8.dat and
£0388.dat will hold the first single and double
failure truth models respectively

/
fsave 'f03B8.dat’ ...

fbk aa bb phix bd cqd h gkf ¢ ak akinv detak
fsave '£02B8.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave ‘£01B8.dat’ .

tbk aa bb phix bd ch h gkf r ak akinv detak
7/

// actuator 1 failure filter, $05

//

fbk=tbk+.01;

f=fcon)

b=bcon;

he=hcon;
/7/7€8(1,9)=czldy
b(:,1)=czld;
bbebbcon)
bb(:,1)=c28;
exec('mtx.mxx’)
fsave ‘'FO588.dat’ ..
fbk aa bb phix bd ch h gkf r ak akinv detak

//
// actuator 2 failure filter, #06

//

fbkefbk+.01;
fefcon;

b=bcon;

h=hcon;
//78(3,10)=mczld;
b(:,2)=czl4d;
bb=bbcon;
bb(:,2)~cz8;
exec(’mtx.mxx’)
fsave ‘Fr06B8.dat’ .
bk aa bb phix bd ch h gkf r ak akinv detak

//
// actuator 3 failucre filter, $#07

//

fbk=fbk+.01;

fefcon;

bebcon;

h=hcon;

/7802 ,11)=czld;
b(:,3)=c314,
bb=bbcon;
bb(:,3)=cz8,
exec{'mtx.mxx"’)
fsave 'PFO7BS.dat’ ..
fbk aa bb phix bd ch h gkf r ak akinv detak

//
// actuator 4 failure filter, 08

//

fbk=£fbk+ .01,

fefcon;

b=bcon;

h=hcon;

/780:,12)=cz14;

b(:,4)=czlé;

bb=bbcon;

bb(:,4)=cz28;

exec({’mtx.mxx’)

fsave 'FO08B8.dat’ ..

fbk aa bb phix bd ch h gkf r ak akinv detak
//

// actuator S5 failure filter, $09

//
fbk=fbk+.01;
f=fcon
bebcon;
h=hcon;
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/781,13 )ac2ld;

b(:,5)=czld;

bbe=bbcon;

bb(:,5)=cz8;

exec{'mtx.mxx’)

fsave 'P0988.4at’ ...

¢bk aa bb phix bd cqd h gkf r ak
//

// $10

//

fbk=£fbk+.01;

t=fcon;

bsbcon;

hehcon;

h(l,:)=c2l4;

bbebbcon;

exec({ 'matx.mxx’)

fsave ‘riops.dat’ ...

fbk aa bb phix bd cqd h gkt r ak
//
//

//

fbk=fbk+.01;

f=fcon;

babcon;

h=hcon;

h(2,:)=rzl4;

bb=bbcon;

exec('mtx.mxx’)

fsave ‘Fl1B8.dat’ ...

fbk aa bdb phix bd ¢qd h gkf r ak

//
//
//

fbokefbk+.01;

fefcon;

b=bcon;

h=hcon;

h(3,:)=r214;

bbebbcon;

exec('mtx.maxx’)

fsave ‘PFl2B8.dat’ ...

fbk aa bb phix bd cqd h gkf ¢ ak

/7
/7

7/

fbkefbk+.01;

tafcon;

b=bcon;

h=hcon;

h(d,:)=r214;

bbebbcon;

exec(’'mtx . mxx’)

fsave ’'PliBg.dat’ ...

fbk aa bb phix bd cqd h gkf r ak

114

sensor 1 faflure filter,

sensor 2 failure filter, ¢11

sensor 3 fajlure filter, #12

sensor 4 failure filter, #13

//
/7 sensor 5 failure filter,
//

fbk=fbk+.01;

t=fcon;

b=bcon;

h=hcon;

h{S,:)=rzld;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'Fl4B8.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

//
/7 sensor 6 failure filter, #15

Ved

tbk=fbk+.0!;

f=fcon;

b=bcon;

h=hcon;

h(6,1)=rz1d;

bb=bbcon;

exec(’'mtx.maxx’)

fsave ‘F15B8.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 7 failure f{lter, $16

//

fbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(7,:)=r214;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'Pl6B8.dat’ ..

fbk aa bb phix bd ch h gkf r ak akinv detak

// actuator 6 fallure filter, $17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was #10,

/7 but is now appended on to the end (as filter §17)
/7 L€ used.

//

//fbkafbke . 01;
//f=fcon;

//b=bcon;

//h=hcon;

/777803 ,14)mc214;
//b(:,6)acgld;
//bbsbbcon;
//bb(1,6)=c328;
//7exec(’'mtx. . mxx’)
//%save 'P10B8 . dat’
//fbk aa bb phix bd ch h gkf t ak akinv detak

D-49




/7 SETUPBY.MXX MATRIXX EXECUTABLE MACRO
/7

/7 Author: Capt Gregory L. Stratton
/7 Date created: 20 August 1991

/7 Date revised: 26 September 1991

7/

/7 This macro creates and saves to files all the required

/7 wmatrices for a single bank, as used in MMAESIN. This

// 18 normally called from the macro PILECREATE.MXX, however,
// 4t can be used by itself as long as the below listed

// variables curcrently exist in memory in matrixx.

// Below are listed the required input matrices and variables:

7/ aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

7/ 9, The white Gaussian nolse multiplier matrix (as in Gew(t))
// q9d, An identity matrix of size 1dxld

/7 q. The white Gaussian noise covariance matrix

// fcon, The l14x14 plant matrix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented systenm

// hcon, The 7xl4 H matrix of the measurement equation

/7 delt, The sample time (here 1/64 Hz)

V4 n, nuamber of states of the augmented system (here 14)

// bank, number of bank of which filters are being created

// czlé4, column vector of 14 zeros

/7 cz8, column vector of 8 zeros

/7 tzld, row vector of 14 zeros

//

// Note: any of the variables above with ’‘con’ in {ts name may

7/ contain rows or coluans of zeros, simulating an already

Vo4 detected first failure.

//

/7 This macro creates 14 files of the form: FxxB9.DAT

/7 where xx {s the filter number (04 thru 17)

// This macro calls the macro "mtx.mxx" which generates the required
// matcices for each filter.

// S TART MACRO

// fully functional filter, #04

//

fbke.04+bank/10000;

f=faug;

b=baug;

bbeborig;

h=horig;

exec{ 'mtx.mxx’)

fsave 'F04B9.dar’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// @also save the fully functional case to the first
// three 'filters’ (truth models) so as to have at
// least something to start with

// usually the first truth model (£0189.dat) will
// be the fully functional case, and £0289.dat and
/7 £03B9.dat will hold the first single and double
// ftailure truth models respectively

fsave '£03B9.dat’

fbk as bb phix bd éé& h gkf r ak akinv detak
fsave 'f02B%.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£01B9.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 1 faflure filter, $05

//

fbk«fbk+.01;

fefcon;

b=bcon)

h=hcon;
/778(1,9)=c2ld;
b(:,1)=cz1é;
bb=bbcon;
bb(:,1)=cz8;
exec(’'mtx.mxx’)

fsave 'r0589.dat’ ...
£bk aa bb phix bd ¢qd h gkf r ak akinv detak

//
// actuator 2 failure filter, $06

//

fbk=fbk+.01;

f=fcon;

be=bcon;

hehcon;

//780:,10)=c2l4;

b(:,2)=czlé;

bb=bbcon;

bb(:,2)=cz8;

exec(’'mtx.mxx’)

fsave 'F06B89.dat’ ...

£bk aa bb phix bd cqd h gkt r ak akinv detak
//

/7 actuator 3 failure filter, #07

//

fbk=£fbk+.01;

fefcon;

b=bcon;

hehcon;

//78(t,11)eczld;

b(:,3)=czldy

bb«bbcon;

bb(:,3)=c28;

exec(’'mtx.mxx’)

fsave ‘FO0789.dat’ ...

fbk as bb phix bd cqd h gkf r ak akinv detak
//

// actuator 4 fallure filter, #08

7/

fbk=fbk+.01;

fefcon;

b=bcon;

h=hcon;

//78(:,12)=cz2ld;

b(:,4)=czld;

bbebbcon;

bb(:,4)=c28,

exec{’'mtx.maxx’)

fesave 'FO08B9.dat’ ...

£bk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 5 failure filter, #09

//
fbkefbk+.01;
fefcon;
b=bcon;
h=hcon;
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//78(1,13)mc2l&;

b(:,S5)=czld;

bb=bbcon;

bb(:,8%)=cz8)

exec{’'mtx. . mxx’)

fsave 'FO09B9.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

// sensor 1 fajlure filter, $10

//

fbk=fbk+.01;

f=fcong

bebcon;

hehcon;

h{l,:)=rzld,
bb=bbcon;
exec('mtx.mxx’)

fsave ‘'Fl0B9.dat’ ...
bk aa bb phix bd cqd h gkf r ak akinv detak
V4

// sensor 2 failure filter, #11

//

fbk=£fbk+.01;

fafcon;

bebcon;

hehcon;

h(2,:)=rzld;
bbe=bbcon;
exec('mtx.mxx’)

fsave 'FllB9.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 3 failure filter, #12

//

fbk=fbk+.01;

t=fcon;

b=bcon;

h=hcon;

h(3,:)=rzl4;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'rl12s9.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 4 failure filter, $13

//

fbkefbk+.01;

fefcon;

bebcon;

h=hcon;

h(d,:)=rzl4;

bb=bbcon;

exec(’mtx. mxx’)

fsave 'Fl3p9.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

/7 sensor S5 failure filter, $14

//

Ebkefbk+.01;

f=fcon;

bebcon;

h=hcon;

h(S,:)=rzld;
bb=bbcon;
exec{’'mtx.maxx’)}

fsave 'P14B9.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// sensor 6 fallure filter, $15

//

fbkefbk+,01;

f=fcon;

bebcon;

h=shcon;

h(6,:)=rzld;

bb=bbcon;

exec('mtx.mxx’)

fsave 'F15B9.dat’ ...

£bk aa bb phix bd cqd h gkt r ak akinv detak
/7/

// sensor 7 failure filter, §16

//

fbk=fbk+.01;

feafcony

b=bcon;

hehcon;

hi(?,:)=r314;

bb=bbcon;

exec(’‘mtx.mxx’)

fsave °'Flé6p9.dac’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, #17

// this has been removed, but can be uncommented out
// originally, the failed act 6 filter was #10,

// but is now appended on to the end (as filter #17)
/7 1f used,

/7

//fbk=fbk+.01;
//t=fcon;

//bebcon;

//hshcon;

/777802 ,14)uczld;
//0(:,6)=czld;
//bbebbcon;
//bb(:,6)=c28;

//exec( 'mtx.mxx’)
//fsave 'P10B9.dat’ ...
//fbk aa bb phix bd cqd h gkf r ak akinv detak
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/7’

// SETUPXO.MXX MATRIXX EXECUTABLE MACRO

/7

// Author: Capt Gregory L. Stratton

V74 Date created: 20 August 1991

// Date revised: 26 September 1991

7/

// This macro creates and saves to files all the required

// matgrices for a single bank, as used in MMAESIM. This

/7 18 normally called from the macro PILECREATE.MXX, however,
// it can be used by itself as long as the below ligted

// variables currently exist in memory in matrixx.

//

// Below are listed the required input matrices and variables:
//

// aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

// 9, The white Gaussian noise multiplier matrix (as in Ge*w(t))
// qd, An identity matrix of size 14xl4

/7 q. The white Gaussian noise covariance matrix

// fcon, The l4x14 plant matrix augmented with 1st order actuators
// bcon, The 14x6 B matrix of the augmented system

// hcon, The 7x14 H matrix of the measureaent equation

// delt, The sample time (here 1/64 Hz)

// n, number of states of the aug-ented system (here 14)
// bank, number of bank of which filters are being created
/7 czl4, column vector of 14 zeros

/7 cz8, column vector of 8 zeros

// rzld, row vector of 14 zeros

/7

// Note: any of the variables above with ’‘con’ in its name may
s/ contain rows or columns of zeros, simulating an already
// detected first failure.

7/

// This macro createsgs 14 files of the form: PxxX0.DAT

// where xx is the filter number (04 thru 17}

// This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter.

//

/7

// S TART MACRDO

//

//

// fully functional filter, $#04

//

fbke.04+bank/10000;

f=faug;

bebaug;

bbeborig;

hehorig;

exec(’'mtx.mxx’)
fsave 'ro4x0.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

also save the fully functional case to the first
three ‘filters’ (truth models) so as to have at
least something to start with

usually the first truth model (£01Xx0.dat) will
be the fully functional case, and f02x0.dat and
£03x0.dat will hold the first single and double
failure truth models respectively

fsave 'f03X0.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f02x0.dat’ ...
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fbk aa bb phix bd cqd h gk! r ak akinv detak
fsave '£01Xx0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

// actuator 1 failure filter, #05

/7

fbk=fbk+.01;

fefcon;

bebcon;

hehcon;

/7802 ,9)=czldy

b{:,1)=czldy

bbe=bbcon;

bb(:,1)}=cz8;

exec(’'mtx.mxx"')

fsave ‘PO0S5X0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 2 failure filter, #06

//

fbkefbk+.01;

fefcon;

bebcon;

h=hcon;

/78(:,10)=c2ld;

b(:,2)=c214;

bb=bbcon;

bb(:,2)=c28;

exec( 'mtx.mxx’ )

fsave 'PO6X0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 3 failure filter, $#07

//

fhkefbk+.01;

f-fcon;

b=bcon;

hehcon;

/780,11 )=c2ld;

bl{:,3)=czl4d;

bb=bbcon;

bb{:,3)=c28;

exec{'mtx.maxx’)

fsave ‘F07x0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 4 failure filter, $08

//

fbke=fbk+,01;

fefcon;

be=bcon;

hehcon;
//780:,12)=c214;
b(:,4)=czld;
bb=bbcon;
bb(:,4)=c28;
exec{'mtx.mxx’)

fsave 'rF08x0.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//

// actuator S failure filter, €09
//

fbk=fbk+,.01;

fefcon;

bebcon;
hehcon;
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/7802 ,13)=czld;

b(:,5)=czld;

bb=bbcon;

bdb(:,5)=cz8;

exec(’'mtx.mxx’)

tsave 'ro9xo.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

//7 sensor 1 failure filter, $10

//

fbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h{l,:)=rzl4,

bbebbcon;

exec(’mtx.mxx’)

fs: 7e 'P10X0.dat’ ...

¢bk aa bb phix bd cqd h gkf r ak akinv detak

//
// sensor 2 failure filter, #11

//

fbkefbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(2,:)=rzld;

bbe=bbcon;

exec(’'mtx.mxx’)

fsave 'Plix0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// sensor 3 failure filter, #12

//

fbk=£fbk+.01;

f=fcon;

b=bcon;

h=hcon;

hi(3,:)=r214;

bbebbcon;

exec('atx.mxx"’)

fsave 'FP12x0.d4at’ ...

gbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sengor & failure filter, #1313

//

fbk=fbk+.01;

fafcon;

b=bcon;

hehcon;

h{d,:)=rzld;

bb=bbcon;

exec{’'mtx.mxx’)

fsave ’'F13x0.dat’ ...

fok aa bb phix bd cqd h gkf r ak akinv detak
Ved

// sensor S failure filter, #14

//

fbkefbk+.01;

fafcon;

bebcon;

h=hcon;

h(S,:)=rzld;
bb=bbcon;
exec(’'mtx.mxx’)

fsave 'rl4x0.dat’ ...
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gbk aa bb phix bd cqd h gkt r ak akinv detak

/7
// sensor 6 failure filter, #15

//

fbk=fbke+.01;

fafcon;

bebcon;

h=hcon;

h(6,:)=r2z1d;

bb=bbcon;

exec(’'mtx.mxx’)

fsave ‘ri5x0.dat’ ...

£bk aa bb phix bd cqd h gkt r ak akinv detak
/7

// sensor 7 failure filter, #16

//

fbk=fbk+.01;

f=fcon;

b=bcon;

h=hcon;

h(7,:)eczld;

bbebbcon;

exec{’'mtx.mxx’)

fsave 'rl6x0.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, #17

/7 this has been removed, but can be uncommented out
/7 originally, the failed act 6 filter was #10,

7/ but is now appended on to the end (as filter ¢17)
/7 §{f used.

/7

//fbkefbke+.01;
//f=fcon;

//b=bcon;

//h=hcony
/77780, 1) =c2ld;
//b(:,6)=czl4;
//bb=bbcon;
//bb{:,6)ecz8;

//exec({ 'mtx.mxx’)
//Esave 'P10X0.dat’ ...
7/7fbk aa bb phix bd cqd h gkf r ak skinv detak
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// SETUPX]1.MXX MATRIXX EXECUTABLE MACRO

//

/7 Author: Capt Gregory L. Stratton

/7 Date created: 20 August 1991

/7 Date revised: 26 September 1991

//

// This macro creates and saves to files all the required

// matrices for 8 single bank, as used in MMAESIM. This

// s normally called from the macro FILECREATE.MXX, however,
// it can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

/7

// Below are listed the required input matrices and variables:
//

// aa, The 8x8 plant matrix

/7 bbcon, The 8x6 plant B matrix

/7 g, The white Gaussian noise multiplier matrix (as in Gew(t))
// qd, An identity matrix of size 14x14

// q. The white Gaussian noise covariance matrix

/7 fcon, The 1dx14 plant matrix augmented with lst order actuators
// bcon, The 14x6 B matrix of the augmented systenm

// hcon, The 7x14 H matrix of the measureament equation

// delt, The sample time (here 1/64 Bz)

/7 n, number of states of the augmented systea (here 14¢)
// bank, nuaber of bank of which filters are being created
// czld, column vector of 14 zeros

// cz8, column vector of 8 zeros

// rtzld, row vector of 14 zeros

//

// Note: any of the variables above with ‘con’ in its name may
// contain rows or columns of zeros, simulating an already
// detected first fajlure.

//

// This macro creates 14 files of the form: FxxX1.DAT

// where xx is the filter number (04 thru 17)

// This macro calls the macro “mtx.axx" which generates the required
// matrices for each filter.

//

//

// S TART MACRDO

//

//

// fully functional filter, $04

//

fbk=.04+bank/10000;

f=faug;

bebaug;

bb=borig;

h=horig;

exec(’'mtx.maxx"’)
fsave 'FO4X1.dat’ ...
fbk aa bb phix bd cgd h gkf r ak akinv detak

also save the fully functional case to the first
three 'filters’ (truth models) so as to have at
least something to start with

usually the first truth model (f01Xl.dat) will
be the fully functional case, and £02x].dat and
£03x1.dat will hold the first single and double
failure truth models respectively

fsave '£03x1.dat’ ...
fbk aa bb phix bd cqd h gkt r ak akinv detak
fsave '£02Xx1.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£01xl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

/7 actuator 1 failure filter, €0S

//

tbkefbk+.01;

fafcon;

b=bcon;

h=hcon;

/7808 ,9)=czldy

b(:,1)=czld;

bbebbcon;

bb(:,1)=c28;

exec('mtx.mxx’)

fsave 'P0SX1.dat’ ...

fbk aa bb phix bd ¢cqd h gkf r ak akinv detak
//

// actuator 2 failure filter, 906

V4

fbk=fbk+.01,

tefcon;

bebcon;

h=hcon;

/7/78(:,10)mc2ld;

b(:,2)=czl4,

bbabbcon;

bb(:,2)=c28;

exec{’'mtx.mxx’)

fsave 'PO6X1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// actuator 3 failure filter, $07

//

tbk=£fbk+.01;

f=fcon;

b=bcon;

h=hcon;

//78(0:,10)eczld;

b{:,3)=cz14;

bbebbcon;

bb(:,3)=cz8;

exec({’'mtx.maxx’)

fsave 'ro7x1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7/

// actuator 4 fallure filter, #08

//

fbkefbk+.01;

tefcon;

bebcon;

h=hcon;

/780 ,12)=c214;

b(:,4)eczl4;

bb=bbcon;

bb(:,4)=c28;

exec(’'mtx.axx’)

fsave 'rFOBX1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
7/

// actuator S5 failure filter, $09

//
fbk=£fbk+.01;
f=fcon;
b=bcon;
hehcon;
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/7,13 )mc2ldy

b{:,5)=czld;

bb=bbcon;

bb(:,5)=cz8;

exec(’'mtx maxx’)

fsave 'rO9xl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 1 failure filter, $10

//

fbk=fbk+.01;

f=fcon;

b=bcon;

hehcon;

hi(l,:)=rzld;

bb=bbcon;

exec(’'mtx.mxx’)

fsave ‘FlOXi.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

// sensor 2 failure filter, #11

//

fbk=fbk+.01;

fefcon;

bebcon;

h=hcon;

h(2,:)=rzl4;

bbebbcon;

exec(’'matx.mxx’)

fsave ‘PFliXxi.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, $#12

//

fbk=fbk+.01;

t=fcon;

b=bcon;

h=hcon;

h(3,:)=c214;

bb=bbcon;

exec({’'mtx.mxx’)

fsave ‘P12X1.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

/7 sensor 4 fallure filter, $13

//

fbk=£fbk+ .01,

fefcon;

bsbcon;

hehcon;

h(d,:)erzld;

bbebbcon;

exec(’mtx.mxx’)

fsave 'Pl3Xxl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 5 failure filter, $14

//

fbkefbk+.01;

tefcon;

b=bcon;

hehcon;

h(S,:)erzld;
bb=bbcon;
exec(’'mtx.mxx’)

feave 'P14xl.dat’ ...
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fbk aa bb phix bd c¢qd h gkf r ak akinv detak
/
/s sensor 6 failure filter, #15

//

tbkefbk+.01;

t=fcon;

b=bcon;

hehcon;

h(6,:)=r214;

bb=bbcon;

exec{'mtx.mxx’)

fsave 'F15Xxl.dat’ ...

gbk aa bb phix bd cqd h gkt r ak akinv detak
//

// sensor 1 fallure filter, #16

//

fbkefbke+.01;

f=fcon;

b=bcon;

hshcon;

h7,:)=r2l4;

bbebbcon;

exec(’'mtx.mxx’)

fsave 'Pl6xl.dat’ ...

gbk aa bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, #17

7/ this has been removed, but can be uncommented out
// originally, the failed act 6 filter was $10,

// but is now appended on to the end (as filter #17)
// {f used.

/7

//7fbk=fbk+ .01,
//t=fcon;

//bsbcon;

//h=hcon;
/777801 ,14) =214,
//b(:,6)mc2ld;
//bbabbcon;
//bb(1,6)=c28;
//exec(’'mtx. . mxx’)
//fsave 'P10X1.dat’ ...
//¢bk as bb phix bd cqd h gkf r ak akinv detak
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/7 SETUPX2.MXX MATRIXX EXECUTABLE MACRO
/7

7/ Author: Capt Gregory L. Stratton
V74 Date created: 20 August 1991

7/ Date revised: 26 September 1991

7/

// This macro creates and saves to files all the required

// matrices for a single bank, as used {n MMAESIN. This

/7 48 normally called from the macro PILECREATE.MXX, however,
/7 1t can be used by itself as long as the below listed

// variables currently exist in memory in matrixx,

// Below are listed the required input matrices and variables:

/7 aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

/7 9, The white Gaussian noise multiplier matrix (as in Gew(t))
/7 qd, An identity matrix of size 14xl4

// q. The white Gaussian noise covariance matrix

/7 ftcon, The 1d4x14 plant matrix augmented with lst order actuators
// bcon, The 14x6 8 matrix of the augmented systes

/7 hcon, The 7x14 H matrix of the measurement equation

/7 delt, The sample time (here 1,64 HZ)

// n, number of states of the augmented system (here 14)

// bank, number of bank of which filters are being created

// czld, column vector of 14 zeros

// cz8, column vector of 8 zeros

// reld, row vector of 14 zeros

//

// Note: any of the variables above with ‘con’ in its name may

// contain rows or columns of zeros, simulating an already

/7 detected first faflure.

//

// This macro creates 14 files of the form: PxxX2.DAT

// where xx is the filter number (04 thru 17)

/7 This macro calls the macro "mtx.mxx" which generates the required
// matrices for each filter.

// S TART MACRO

/7 fully functional filter, $04

/7

fbk=.04+bank/10000;

f=faugy;

bebaug;

bbeborig;

h=horig;

exec('mtx.mxx’)

fsave 'r04X2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
// three 'filters’ (truth models) so as to have at
/7 least something to start with

/7 usuadlly the first truth model (f0ix2.dat) will
// be the fully functional case, and £02Xx2.dat and
/7 £03x2.dat will hold the ficst single and double
/7 failure truth models respectively

fsave 'f03Xx2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave '£02x2.dat’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave ‘f01x2.dat’ .

fbk aa bb phix bd ch h gkf r ak akinv detak
V4

// actuator 1 fallure filter, #05

//

fbk=fbk+.01;

f=fcon;

b=bcon;

hehcon;
//78(1,9)=czldy
bl:,1)=c2l4;
bb=bbcon;
bb(:,1)=c28,
exec(’'mtx.mxx’)

fsave 'roSx2.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 2 fallure filter, 406

//

fbkefbk+.01;

fefcon;

b=bcon;

h=hcon;

//78(:,10)=czld;

b(:,2)=czlé;

bbebbcon;

bb(:,2)=cz8;

exec('mtx.mxx’)

fsave ‘rogx2.dat’ ..

fbk aa bb phix bd ch h gkf r ak akinv detak
//

/7 actuator 3 failure filter, 407

//

fbkefbke.01;

f=fcon;

bebcon;

hehcon;
/7€8(1,11)mczlid;
b(:,3)=c2ld;
bbebbcon;
bb(:,3)=c28;
exec(’'mtx.mxx’)
fsave 'P07X2.dat’ ..
fbk aa bb phix bd ch h gkf r ak akinv detak

//
// actuator 4 failure filter, 08

V4

fbk=£fbk+.01;

fefcon;

bsbcon;

h=hcon;

/7802, 12)mczld;
b{:,4)=c214;
bb=bbcon;
bb(:,4)=cz8;
exec(’'mtx.mxx’)
feave 'r08x2.dat’ ..
bk aa bb phix bd ch h gkf r ak akinv detak

//

// wactuator S failure filter, 409
//

fbkefbk+.01,

fafcon;

b=bcon;
h=hcon;

D-63




/7803 ,13)=cz2ld;

b(:,5)=czldy

bb=bbcon;

bb(:,5)=c28,

exec(’'mtx.axx’)

fsave 'rF09x2.dat’ ...

bk sa bd phix bd cqd h gkf r ak akinv detak
//

// sensor 1 failure filter, €10

//

fbk=fbk+.01;

f=fcon)

bebcon;

hehcon;

h{l,:)=r2ld;

bb=bbcon;

exec{’'mtx.mxx’)

fsave 'rlox2.dac’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
/7

// sensor 2 failure filter, #11

/7

fbk=fbk+.01;

fefcon;

b=bcon;

h=hcon;

h(2,:)=rzld;

bbe=bbcon; :
exec('mtx.mxx’)

fsave 'Fllx2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 3 failure filter, #12

//

fbk=fbk+.01;

f=fcon;

bebcon;

h=hcon;

hi{3,:)=rzl4;

bb=bbcon;

exec('mtx.mxx’}

fsave 'F12Xx2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

7/ sensor 4 failure filter, #13

Ved

fbke=fbk+.01;

f=fcon;

bebcon;

h=hcon;

h{d,:)erzl4;

bb=bbcon;

exec(‘mtx.mxx’)

fsave ‘rl3x2.dat’ ...

fbk aa bb phix bd cqd h gkt r ak akinv detak
//

// sensor S5 failure filter, $#14

//

fbkefbk+.01;

fefcon:

b=bcon;

hehcon;

h(S,:)=rzid;
bb=bbcon;
exec(’'mtx.mxx’)

fsave 'Pl4x2.dar’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

//
/7 sensor 6 failure filter, #15

/7

fbke«fbk+ .01

t=fcon;

be=bcon;

h=hcon;

h(6,:)mczld;

bbebbcon;

exec(’'mtx.mxx’)

fsave ’'P15x2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 7 failure filter, #16

//

fbk=£fbk+.01;

fafcon;

b=bcon;

hehcon;

hi(7,:)=rzld;

bb=bbcon;

exec(’'mtx.mxx’)

fsave 'rléx2.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

/7 actuator 6 failure filter, #17

// this has been removed, but can be uncoamented out
// otiginally, the falled act 6 filter was #10,

// but is now appended on to the end (as filter #17)
/7 {f used.

//

//7fbk=fbks.01;
//t=fcon;

//b=bcon;

//h=hcon;

777780 ,14)=c214;
//bl:,6)=c31d;
//bbsbbcon;
//ob(:,6)=c28;
//7exec('mtx . .maxx’)
//fsave 'F10X2.dat’ ...
//tbk aa bb phix bd cqd h gkf r ak akinv detak
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// SETUPX3 . MXX MATRIXX EXECUTABLE MACRO
/7

Vo4 Author: Capt Gregory L. Stratton
/7 Date created: 20 August 1991

/7 Date revised: 26 September 1991

/7

// This macro c.eates and saves to files all the required

// matrices for a single bank, as used in MMAESIM. This

// {8 normally called from the macro PILECREATE.MXX, however,
// 1t can be used by itself as long as the below listed

// variables currently exist in memory in matrixx.

// Below are listed the required input matrices and variables:

/7 aa, The 8x8 plant matrix

// bbcon, The 8x6 plant B matrix

// g, The white Gaussian noise multiplier matrix (as in Gew(t))
/7 qd, An {dentity matrix of size 14x14

// q. The white Gaussian noise covariance matrix

// fcon, The 14x14 plant matrix augmented with 1st order actuators
// bcon, The 14x6 B matrix of the augmented systea

// hcon, The 7x14 H matrix of the measurement equation

// delt, The sample time (here 1/64 Hz)

V4 n, number of states of the augmented systeam (here 14}

// Dbank, number of bank of which filters are being created

// czld, column vector of 14 zeros

// cz8, column vector of 8 zeros

/7 rzld, tow vector of 14 zeros

//

// Note: any of the vari{ables above with ‘con’ in its name may

/7 contain rows or columns of zeros, simulating an already

Vo4 detected first failure.

/7

// This macro creates 14 files of the form: FPxxX3.DAT

/7 where xx is the filter number (04 thru 17)

// This macro calls the macro "amtx.mxx" which generates the required
// matrices for each filter.

// S8 TART MACRO

// fully functional filter, $04¢

//

fbke.04+bank/10000;

f=faug;

b=baug;

bb=borig;

h=horig:

exec(’'mtx.mxx’)

fsave 'rodxl.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// also save the fully functional case to the first
// three 'filters’ (truth models) so as to have at
// least something to start with

// usually the first truth model (f01x3.dat) will
// be the fully functional case, and f02x3,dat and
/7 £03x3.dat will hold the ficst single and double
// failure truth models respectively

fsave 'f03x3.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave *£02Xx3.dat’ ...



fbk aa bb phix bd cqd h gkf r ak akinv detak
fsave 'f01X3.dat’ ...

fbk aa bb phix bd c¢qd h gkf r ak akinv detak
7/

// actuator 1 fsilure filter, 405

//

tbk=£fbk+.01;

fafcon;

b=bcon;

h=hcon;
/78(:,9)=czld;
bi:,l)=c214;
bbsbbcon;
bb(:,1)=cz8;
exec(’'mtx.mxx’)

fsave 'r0S5x3.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 2 failure filter, $06

//

fbkefbk+.01;

f=fcon;

bebcon;

he=hcon;
s/7€(1,10)=czld;
bl:,2)=czld;
bbebbcon;
bb(:,2)=c28;
exec(’'mtx.mxx’)

fsave ‘ro6x3.dat’ ...
gbk aa bb phix bd cqd h gkf r ak akinv detak

//
// actuator 3 failure filter, #07

//

fbkefbks+.01;

f=fcon;

bebcon;

h=hcon;

/701,11 )mcaldy
b(:,3)=czld;
bb=bbecon;
bb(:,3)=cz8;
exec{'mtx.mxx’)

fsave 'PO7X3.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//
7/ actuator 4 failure filter, $08

//

fbk=£fbk+.01;

fefcon;

b=bcon;

h=hcon;
//78(1,12)=c214;
b{:,4)=czld;
bb=bbcon;
bb(:,4)=cz8;
exec(’'mtx.mxx’)

fsave 'PO08X3.dat’ ...
fbk aa bb phix bd cqd h gkf r ak akinv detak

//

/7 actuator S failure filter, #09
//

tbk=£fbk+.01;

f=fcon;

b=bcon;
hehcon;
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//7€(:,13)m=c2ld;

b(:,5)ecsld;

bb=bbcon;

bb(:,5)=cz8;

exec('mtx.mxx’)

fsave 'FO09X3.dat’ ..

fbk aa bb phix bd ch h gkf r ak akinv detak
//

// sensor 1 failure filter, $10

//

fbkefbk+.01;

t=fcong

bsbcon;

h=hcon;

hi{l,:)=r2ld,

bbebbcon;

axec('mtx.maxx’)

fsave 'Fl1OXx3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 2 failure filter, #11

//

fbkefbk+.01;

fafcon;

b=bcon;

h=hcon;

h(2,:)erzlé;

bbebbcon;

exec(’mtx.mxx’)

fsave ‘Fllix3.dat’ .

fbk aa bb phix bd ch h gkf r ak akinv detak
//

// sensor 3 failure filter, €12

Va4

fbk=£fbk+.01;

fefcony

b=bcon;

h=hcon;

h(3,:)erzld;

bb=bbcon;

exec(’mtx.mxx’)

fgsave 'ri2x3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

// sensor 4 failure filter, $§13

//

tbkefbk+.01;

f=fcon;

bebcon;

hehcon;

hi{d,:)erzlé;

bb=bbcon;

exec(’'mtx.maxx’)

fsave 'P13X3.dat’ .

tbk aa bb phix bd ch h gkf r ak akinv detak
//

// sensor S failure filter, #14

//

fbkafbk+.01;

f=fcon;

bebcon;

h=hcon}

h(S,:)erzld;
bb=bbcon;
exec('mtx.mxx’)

fsave 'Pldax3.dar’ ...
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fbk aa bb phix bd cqd h gkf r ak akinv detak

//
/7 sensor 6 fafilure filter, #15

/7

fdk=fbk+ .01

fefcon;

bebcon;

h=hcon;

h(6,:)=rz2l14;

bb=bbcon;

exec(’'mtx, . mxx’)

fsave ‘risx3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak
//

/7 sensor 7 fallure filter, #16

/7

fbk=£fbk+.01;

f=fcon;

be=bcon;

hehcon;

hi{?7,:)=rzld;

bbebbcon;

exec{’'matx.mxx’)

fsave 'Plé6Xx3.dat’ ...

fbk aa bb phix bd cqd h gkf r ak akinv detak

// actuator 6 failure filter, $17

// this has been removed, but can be uncommented out
/7 orliginally, the failed act 6 filter was $10,

// but is now appended on to the end (as filter #17)
/7 if used.

//

//fbkefbk+.01;
//f=fcon;

//b=bcon;

//h=hcon;

/7770 ,14)=c2l4;
//b(:,6)=czld;
//bb=bbcon;
//bb(:,6)=c28);
//exec(’'mtx.maxx’ )}
//fsave 'rl0x3.dat’ ...
//fbk aa bb phix bd cqd h gkf r ak akinv detak
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APPENDIX E: DATA FILES

This appendix contains all of the data files necessary for the execution of the MMAESIM code. The data
files necessary for the proper execution of the code are provided within this section. The filter single-failure
data files are not prescoted in this section, with the exception of the no-failure filter. Since there are 16 filters
and 13 banks (208 data filters), presenting these filters within this appendix is impractical. The no-failure filter

data is presented to represent the format of the filter data files.




cl‘it.t.tiﬂ...!..ii(t.i..ltt.t‘lﬁ..!.lI!..Q.l...l.l.l....t..

L]
LOGICAL CONTROL FILE - [REALS.DAT) is called from .
SUBROUNTINE GETDAT. REALS.DAT functions as an .
input data set which provides the necessary real *
variables and/or initial settings for MMAESINM *
to begin. By placing all of the starting real .
variables within a s?nqle logical file, ?t becomes *
easy to adjust the simulation for any possible *
scenario without recompiling the code. A single *
locale for all of the starting real variables *
provides the user with a quick reference of the *
scenario under investigation. *
L]
-
L]
L]
*
L

CREATION DATE: 8 July 1991
REVISION DATE: 8 July 1991
Owner: USAF/ASD/WL/AFIT

AARARAMARRARARAANN AR AN AR AR A AN R AR A ARAR AR AR RSRA RS RANARNRS

VAR -> TSAMP : Sampling time used in MMAESINM.
Currently this is set to run at
a 64 Hz rate, which is
TSAMP = 1/(Ff4 Hz).

TSAMP = 0.015625

VAR ~-> PRBMIN

o

Minimum allowed probability for
any one filter.

PRBMIN = 0.001

R R IR IR R I O R I I I I L I I R R R B N IR A B}

VAR -> PRBPLTRTO ¢ Probability given to the assumed
"correct” filter at time zero.
Each of the other reraining filters
are assigned a probability of
{1-PRBFLTRTO)/(#filters-1)

PRBFLTRTO = 0.75

VAR -> DSIM : Simulation running time in seconds.
Current maximum DSIM is 15.625 seconds.

DSIM - 8.0
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VAR -> WGNFAC
WGNFAC = 0.05
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VAR -> 2BIASAMNT t The array of bias amounts that may
corrupt the measurements. Currently,
there are 7 measureaents used.
Normally, i{f a bias error is being
simulated only one of the measureaments
would be corrupted with a bias, and
the others would be zero. Below are
the "suggested” bias amounts for each
of the sensor measurements.

VELOCITY <~=> 2ZBIASAMNT(1l) =
ALPHA ¢~-> IBIASAMNT(2) =
PITCH RATE ¢~=> IBIASAMNT(3) =
LOAD FACTOR <~-> ZBIASAMNT(d) =
ROLL RATE ¢~-> 2BIASAMNT(S) =
YAW RATE <~=> ZIBIASAMNT(6) =
LAT. ACCEL. <(--> ZBIASAMNT(?) =
ZBIASAMNT(1l) = 0.0
2BIASANMNT(2) =« 0.0
ZBIASAMNT(3) = 0.0
ZBIASAMNT(4) = 0.0
ZBIASAMNT(S) = 0.0
ZBIASANNT(6) « 0.0
ZBIASAMNT(7) « 0.0
VAR -> TIMELAGI : Time in which the first failure
occurs. This must be greater than
or equal to zero and less than
TIMELAG2 ({f 2nd failure is being
modeled).
TIMELAGl = 3.0
VAR -> TIMELAG2 ¢+ Time in which the second failure
occurs. This must be greater than
or equal to TIMELAGL.
TIMELAG2 = 3.1
VAR -> DSEED : Seed provided to random nuaber
generator.
DSEED = 754.5463
....................................................... *
TUNING VARIABLES USED IN THE Q MATRIX .
....................................................... L]
TSIG11 T 1s16G11 ] 0 0o ... 0 |
TS1G22 | TSI1G22 0 0 . 0 |
TSIG33 | TSIG33 0 ... 0 ]
TSIGAY | TSIG44 ... O |
TSIGSS | ees O |
TS1G66 | { sym ) 0 |
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TS1G11? | |
TSIGSS | TSIGOS |

TSIG11
TS1G22
TSIG13
TSIGAY
TSI1GSS
TSIG66
TSI1G?7
TSIG8S

LI B B B B BN B ]
(-¥-X-X-2-¥-¥.-¥-3

« o o o o & &

[-X-X-X-X-X- ¥ ]

VAR -> M : Number of sensors. Currently 7.

Re7.0
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L]
LOGICAL CONTROL FILE - |[PLAGS.DAT) is called *
from SUBROUTINE GETDAT. FLAGS.DAT functions as .
an input data set which controls all the logical .
switching within MMAESIM. By placing all of the .
logical files within a single file, {t becomes *
easy to adjust the linulut?on for any possible .
scenario without recompiling the code. A single *
locale for all of the logical flags provides the *
user with a quick reference of the scenario under *
investigation. *
*
*
| ]
| ]
»
L]

CREATION DATE: 29 June 1991
REVISION DATE: 1 July 1991
Owner: USAF/ASD/AFIT
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[ ERRRRERREREREN] [ AR R ARERRRERRRN]
Conttttddddane LBV gL o (AR SRS EER N NS
Cronnanashannnn [ EERENEESRESRE R AR Q]

Crodesdttddndddrddddadtddagasdsdnbedttttbasttsatndantadacse
CrERt sttt ddaRARAdnadddRadaadn st tandadsdaiddasadfintantdnanen

FLAG ->IDID : {1) ~ var A is used, (2] - Var B is used
: Description - this flag is used within
MMAE to switch betwveen loop a and loop b

IDID = 13
PLAG ->MODELN t {1) - var A is used, {2] - Var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b
MODELN = 1
FLAG ->MODELN1 t {1} - var A 1s used, (2} - var B is used

Description - this flag is used within
MMAE to switch between loop a and loop b

MODELN1 = 1

: Description - this flag is used within
MMAE to switch between loop a and loop b

OQONONO OOO0ONON OO00NNOOON0 O000O0O0O00O0OON0O

FLAG ->MODELN2 : {1} - var A is used, (2} - var B is used
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MODELN2 = 2

PLAG ->MODELN3 i1 (1) - var A is used, (2] - var B is used
: Description - this flag {s used within
MMAE to switch between loop a and loop b

MODELN] = 3

PLAG ->ISTART : (1) - var A is used, (2) - var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

ISTART = 0

PLAG ->WFLAG {1} - var A is used, {2]) - var B is used
pDescription - this flag is used within

MMAE to switch between loop a and loop b

WPLAG = 1

FLAG ->NUMFAILS s+ {1) - Var A is used, {2} - var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

NUMFAILS = 2

FLAG ->NUMBANKS : (1) - var A is used, {2} - var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

NUMBANKS = 13

FLAG ~->BANK :+ (1) - var A is used, {2} - Var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

BANK = 1

FLAG ->HIERARCHY : {1} - var A is used, {2} - Var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

HIEZRARCHY = 0

FLAG ->XITER {1} - Var A is used, (2]} - Var B is used
Description - this flag is used within

MMAE to switch between loop a and loop b

e ae

XITER = 1
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FLAG ->SENSORBIAS t (1) - Var A is used, {2) - Var B is used
1 Description - this flag is used within
MMAE to switch between loop & and loop b

SENSORBIAS = 0

FLAG ->PLTRTO : (1) - var A is used, {2} - Var B is used
: Description -~ this flag is used within
MMAE to switch between lcop a and loop b

FLTRTO = 4

PLAG ->NPLTR {1} ~ Var A {is used, {2) - Var B is used
Description - this flag is used within

MMAE to switch between loop a and loop b

AOOONN ONHOOONO OOHOO0

NFLTR(1l) = 16
NPLTR(2) = 16
NPLTR(3) = 16
NFLTR(4) = 16
NPLTR(S) = 16
NFLTR(6) = 16
NPLTR(7) = 16
NFLTR(8) = 16
NFLTR(9) = 16
NFLTR(10) « 16
NPLTR(11) = 16
NFLTR(12) = 16
NFPLTR(13) = 16
NPLTR(14) « 0
NPLTR(15) « 0

anononon
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c..i.t.......Q..Q....Q....‘.Ql...Q.QQQ..Q..........‘t.......
C'.......t......i...i'....t...i.l..tt.t...'.t‘......t.t.....

SUBROUTINE [GETDAT] CONTROL PLAGS .

SUBROUTINE [(PULLOUT) CONTROL FLAGS .

OOONNOONOOHOANONNOONNN
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SUBROUTINE [MATML] CONTROL PLAGS *

...................................................... [ ]
SUBROUTINE [GGNML) CONTROL PLAGS *
______________________________________________________ *
...................................................... L ]
SUBROUTINE [KPILT) CONTROL PLAGS b
...................................................... *
FLAG ->BANKPLAG t {1} - var A is used, (2} - Var B is used

: Description - this flag is used within
MMALZ to switch between loop a and loop b

BANKFLAG = 0

PLAG ~->INITV2 : (1) - Var A is used, (2} - var B is used
: Description - this flag is used within
MMAE to switch between loop a and loop b

INITV2 « 0
PLAG ->INITV t {1} - var A is used, (2} - var B is used
1 Description ~ this flag is used within
MMAE to switch between loop a and loop b
INITV = 1
...................................................... *
SUBROUTINE (DEABM] CONTROL PLAGS .
...................................................... *
...................................................... *
SUBROUTINE (PLTLSR] CONTROL FLAGS *
...................................................... *
...................................................... L ]
SUBROUTINE {TINME AND DATE] CONTROL PLAGS *
......................................................
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------------------------------------------------------ [ 4
SUBROUTINE [EOM] CONTROL PLAGS .

...................................................... ®

FLAG ->IACTORDR t (1) - rirst order actuator model, (2} - Second

model
Description - this flag is used within EOM to
select the actuator model.

IACTORDR = 1

------------------------------------------------------ L]
SUBROUTINE {(UPDATE] CONTROL FPLAGS L4

...................................................... [ ]

PLAG ~>BETArLG t {1} - var A is used, {2} - var B is used

: Description - this flag is used within
MMAE to switch between loop a and loop b

BETAPLG = 0
...................................................... [ ]
SUBROUTINE [CNTRL)} CONTROL PLAGS .
...................................................... *
PLAG ->ITRINZ : {0) - Read trim file, (1} -~ do not read trim file
: Description - this flag is used within CNTRL to
read the trim file for controls initialization
ITRIMZ = 0
...................................................... *
SUBROUTINE [ADPCON) CONTROL FLAGS &
...................................................... *
PLAG ->ISLCT : {1} - Var A {s used, {2} - Var B is used

NOOBNOOONDONND ONDOOAOANDONOON NN AOOOHNNNO OD0OONOHHAOOHOHNNOOOO

: Description - this flag is used within

E-9

order actuator model, {d4) - Pourth order actuator




o MMAE to switch between loop a and loop b
(o
ISLCT = 3
C
C
(o
C PLAG ->DSEED 1 {1} - var A is used, (2) - Var B is used
c : Description - this flag 1s used within
c MMAE to switch between loop a and loop b
c
DSEED = -6
C
(of
C
C
C

C..tl'..I...‘.....lttt‘.l..t..ﬁ.i.t..'.l...i..........l.l.'.
c.'...l.I‘.i.i....‘.l.l..tt..t...l..h.......!......t.!..!.l.

Cornanentnensnn CrEARNNARARRRERS
Cressannsnnnes LevVveEL 3 attanaRARNRRRRS
Ceannsnsnnasnee CraaRNRANRERARRR

C.Q.t..'.t.....lﬁﬂ..l......i.ttiQ.t.t.....Q...‘...i..ﬁ......
Ci...ttl.il‘..l.l....Qtl‘.lt..l...t.t.i.l.lt...‘..'.........

c
C
(o
o
€ cetemm e ctemmecmcmeammmmemmmemrmmemmeemmamm——m——————————— .
C SUBROUTINE [DSORT] CONTROL PLAGS hd
C - S ceemcemcmmammmmemmmmmemammeem—————————— .
o
e
¢
..................... mercemetcememmmecem—ee—————————— §
SUBROUTINE (ACALC] CONTROL FLAGS L
...................................................... .

IACTFAIL = 0
IACTFL2 « §

NHNN O 000
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DECLARATION OF VARIABLES AND COMMON BLOCKS FOR MMAESIN

e & 8 & & s e e 8 & » & e s s s v & & 5 s s & e« ¢ e .

REAL 2(7),H(7,14),HT(7,29)

REAL CQDCNT(8,8),R(7,7),SMPLS

DOUBLE PRECISION PI

INTEGER XITER, INITV, IACTORDR,DSEED, IACTFAIL, IACTFL2
CHARACTER CDATE*9,CTIME*S

REAL TSIG11,TS1G22,T51G33,TSIG44,TSIGS5,TSIG66,TSIGTT,TSIGAS
REAL A(8,8),B(8,6),C(29,29)

REAL AUNEW(6),PRBNEW(20,15},PRBMIN, PRBPLTRTO, TSAMP
REAL XHPSUM(14),DSIM,WGNPAC, TIMELAGL, TIMELAG2

INTEGER NPLTR(15),1SLCT

INTEGER MODELN,Modelnl,Modeln2,Modelnl
INTEGER ISTART,ISTOP,FLTRTO,BETAFLG,NFLAG
DOUBLE PRECISION M

DOUBLE PRECISION OUT(513,29),DEFLEC(S513,6),INPUTS(513,8)
DOUBLE PRECISION STATES(S13,8),PROBS(513,17),TVEC(513,1)
DOUBLE PRECISION DUMMYJ,ACCEL(S513,2),PRBBNK2(513,17)
DOUBLE PRECISION RSID(192,91),TSHORT(192,1),BDUSG(192,91)
DOUBLE PRECISION RSIDTWO(192,91),BDUSGTWO(192,91)

Zlemental Filter Data Arrays

REAL 2A(98,8,20,15),28(8,6,20,15)

REAL ZPHIX(14,14,20,15),ZBD(14,6,20,15),2CQDCN(8,8,20,15)

REAL 2M(7,14,20,15),2GKP(14,7,20,15),2R(7,7,20,15)

REAL ZAK(7,7,20,15),ZAKINV(7,7,20,15),2DETAK(20,15)

Residual and Log Likelihood Declarations

INTEGER itime,ijk

DOUBLE PRECISION rakr(513,7,1

DOUBLE PRECISION LK(513,7,20)

DOUBLE PRECISION rssave(513,7
13,

DOUBLE PRECISION buzsave(5
REAL blzsave(513,7,13)

Sequential and Multiple Pailure Variables
INTEGER numfails

Sensor Bias variables

INTEGER Sensorbias
REAL Zbiasamnt(7)

Hierarchical Modeling Variables

CHARACTER*S DFILE(20,15)

CHARACTER#*S BANKNAME(1S)

INTEGER Numbanks,Bank,Bankflag,initv2

Mean and Standard Deviation Variables
INTEGER ki, kj, kK

REAL Templ,Temp2

DOUBLE PRECISION Heanprob(3,16).$tddov(3,16)

Code Checking algorithms
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Real Xxdifstat( )., Xdifcon( )
Real zdifstat( ),2d1ifcon( )
Real h

COMMON BLOCK DEFINITIONS =7

COMMON/LOGFPLAGS/IDID, MODELN, MODELN] ,MODELN2, MODELN3, ISTART,
SWFLAG,NUMFAILS,NUMBANKS ,BANK,HIERARCHY,XITER,SENSORBIAS,
&PLTRTO,NFLTR,BANKFLAG, INITV2,INITV, IACTORDR,BETAPLG, ITRINZ,
&ISLCT,DSEED, IACTPAIL, IACTPL2

COMMON/RAWDAT/2ZA,2ZB,2PHIX, 28D, 2CQDCN, 2H, ZGKP, 2R,
6ZAK,ZAKINV,ZDETAK, CQDCNT, R

COMMON/restst/rakr,idk,itime,rssave,buzsave
COMMON,/CHRDAT/DFILE, BANKNAME
COMMON/CONTROLSZ /AUNEW, PRBNEW , XHPSUM, 2 ,H,BT
COMMON/MATRIX/A,B,C
COMMON/PLTINF/OUT, DEFLEC, INPUTS, STATES, PROBS, PRBBNK2
COMMON/STATS/MEANPROB, STDDEV
COMMON/REALDAT/TSAMP, PRBMIN, PRBFLTRTO,DSIM ,WGNPAC, ZBIASAMNT,

&TIMELAG], TIMELAG2,TSIG11,TS1G22,TS1G33,TS1G44,TS1G55,TSIG66,
&TS1G77,TS1G88 M
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414.7300
3.0071932e-04
8.300000
8.300000
0.0000000E+00
10.06088
0.4200000
1.000000
0.0000000E+00
~1.847997
-4.9999952e£-03
-4.9999924£-03
-5.3007058E£-03
1.557974
1.557974
~0.4403729
~2.660917
1,500000
10.06087
~10.72676
0.0000000E+00
0.0000000E+00
5090.137
1.500000
0.0000000E+00
~23.00000
1.500000
0.0000000E+00

1.2665000E-03
20000.00
-2.587025
1.5625000E-02
10.06088
10.06088
4.225569
2.3841858E-07
0.0000000E+00
0.0000000E+00
-4.9999924E-03
-4.9999924£-03
0.0000000E+00
1.557974
1.557974
-0.4403729
-2.660917
0.00000002+00
10.06088
14.40508
0.00000002+00
-3.3992767E-02
14.40509
1.500000
0.0000000E+00
0.0000000E+00
1.500000
-3.5762787£-07

E-13

972.5400
0.0000000E+00
3.0071911e-04
0.0000000E+00

22.02900

10.06088
0.9599998
0.0000000E+00
6.3923690E-03
0.6499329

8.916890
0.0000000E+00

1.260000

-3.34014892-02
1.55797¢
-6.6788890E-03
-3.33944452-02
0.0000000E+00

10.06088
-2.000000
0.00000002+00

14.40509
0.0000000E+00

1.500000

1.500000
0.0000000E+00
0.0000000E+00

-3.57627872-07

2116.200
0.0000000E+00
3.0071911E-04
0.G000000E+00
0.0000000E+00

10.00000
0.9999998
0.0000000E+00

10.06088
0.0000000E+00

~-4.9999868E-03
0.0000000E+00

1.557974

1.557974

1.557974

~3,3394445£-02
-2.667595
0.1165518

14.40508

14.40508
0.0000000£+00

14.40509
0.0000000E+00

1.500000

1.500000

1.500000

1.500000

0.4000000
3.0071932E-04
3.0071932z-04
0.0000000E+00
10.06088
10.06088
1.000000
0.0000000E+00
0.6499329
-4.9999952e-03
~-4.9999868E-03
0.0000000E+00
0.0000000E+00
~3.3401489£-02
1.557974
0.0000000E+00
1.557974
10.06087
14.34643
0.0000000E+00
0.0000000£+00
5090.1137
1.500000
1.500000
21.00000
1.500000
1.500000




C.ﬁil.tﬁlt..‘I'...‘.t...Q.t..I‘..t!...l...‘.li.....t.l....l.

(o] L]
(o FILTER NAME FILE - [(PLTRNAME.DAT) is called .
[of from SUBROUTINE GETDAT. FLTRNAME.DAT functions as .
C an input data set which controls all the data file *
C reads for the individual Kalman filters within each *
c of the poesible 15 banks of filters. This input .
o file contains the filter names corresponding to a *
c a filter data f{le. Subroutine REDNAM,.PFOR reads *
(o this file and loads a common block CHRDAT for use *
[ within MMAESIN, .
c *
C L]
c *
o CREATION DATE: 10 July 1991 L
c REVISION DATE: 11 July 1991 *
C Owner: USAFP/ASD/AFIT *
.
gi.iil.ttttlitltitittttti'...iltttt..tittttﬁitttittﬁtl..t'.t
C
o
c
C
C ______________________________________________________ [ ]
C PILTER BANK NUMBER § 1 .
C ______________________________________________________ *
C
C
PILTER §01 = rOl1B1
FILTER #02 = r02B1
FILTER #03 = rO3B1
FILTER 404 = r04dB1l
FILTER $05 « rP0SBl
FILTER 406 = r0ésl
FILTER $07 = rQ78l
PILTER #08 = rossl
FILTER $09 = ro098Bl
FILTER §10 = ri0Bl
PILTER #11 = rllpl
FILTER $#12 = Pl12B1
FILTER $13 = ri3sl
PILTER $14 = ridsl
FILTER #15 =» r1581
PILTER $16 = rlésl
PILTER $#17 = rl7B1
PILTER #18 = rl8B1
FILTER #19 = rl9sl
FILTER #20 = r20B1
c
(o
C ______________________________________________________ -
(o FPILTER BANK NUMBER § 2 .
C ...................................................... -
c
PILTER 401 =« FO1B2
PILTER $02 = r0282
FILTER #03 = r0382
PILTER $04 = r04m2
FILTER $05 = FOSB2
PILTER #06 = PO6B2
FILTER $07 = P07B2
FILTER §08 « r08B2
PILTER §09 =« PO9B2
PILTER $10 « P10B2
FILTER $#11 = rl1B2
FILTER $#12 = rl2B2
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FILTER §13 = rlis2

FILTER §14 = FldB2

FILTER §15 = F1582

FILTER §16 = riés2

FILTER $#17 =« ri7s2

FILTER #18 = r1882

FILTER §19 = rl982

PILTER $20 = r20e2
c
[ A etttk DL DD D L L L e Ll DLt bttt bbbl i
c PILTER BANK NUMBER § 3

. € e e

o

PILTER §01 = rols3

PILTER $#02 = ro2s3

FILTER $03 = r03B3

FILTER §04 = r0483

PILTER §05 = ro5s83

PILTER §06 = r06B3

PILTER §07 = r07B3

FILTER 408 = r08B3

FILTER §09 = r09B3

FILTER #10 = rl083

FILTER §11 = rliB3

FPILTER §12 = 71283

PILTER §13 = r13B3

FILTER §14 = rld4s3

PILTER $15 = riSB3

FILTER §16 = r1683

PILTER §17 = r1783

FILTER §18 = r18B3

FILTER #19 = rig9e3

PILTER $20 = r2os3
C
€ eemmme———eeec e emte et e meemseesemmmemmm——ce—————
c PILTER BANK NUMBER § 4
[ B ettt D L D DL L LR T B ettt ol e
c

PILTER §01 = rolsd4

FILTER $02 - r02Bd

FILTER §03 = FO3Bd

FILTER §04 = T04Bd4

FILTER §05 = roSsd

FILTER $06 = ro6sd

PILTER §07 « r0784

FILTER §08 = r0884

FILTER §09 = rO09B4

PILTER 410 » riosd

PILTER 4§11 = FliBd

FILTER $12 = F12B4

FILTER #13 « rlisd

FILTER 414 = FldBd

FILTER §15 = riSsd

PILTER #16 = riépd

FILTER #17 = rl1is4

FILTER $18 = rigad

FILTER 419 =« ri9Bd

FILTER #20 = r2o0sd
c
[ ittt e D L L L T e e Rl et B el
C PILTER BANK NUMBER § §
[ o e et L L L E L DL LD DLl bl il
c

FILTER §01 = PO1BS
FILTER §02 = P028BS
FILTER §03 = r0385
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PILTER §04 = r04BS
PILTER #05 = rosss
PILTER §06 = PO6BS
PILTER §07 = PO7BS
PILTER §08 = POBBS
FILTER $09 = ro9ss
PILTER 910 = P10BS
PILTER #11 = rlips
FILTER #12 « r1285
PILTER $13 = r13sS
PILTER #14 = Fl4B5
PILTER #15 =« F15BS
PILTER $16 = F16BS
PILTER §17 = r1785S
PILTER §$18 = Prl88S
FILTER #19 = ri9ss
PILTER $20 = r20BS
PILTER BANK NUMBER § §
FILTER 901 = FO1B6
FILTER §02 = P02B6
FILTER §03 = r03sé
PILTER 804 « FO4B6
FILTER $0S = POSB6
FILTER $06 = r06B6
FILTER $07 = FO07B6
PILTER $08 « POBB6
FILTER $09 = PO9B6
FPILTER #10 « P10B6
FILTER #11 « Pl1B6
PILTER #12 = Fl12B6
FILTER $13 = P138B6
FILTER $14 = r1486
FILTER #15 = P1586
PILTER $16 = F16B6
PILTER $17 « P17B6
FILTER #18 = r18pé
PILTER §19 = P19B6
FILTER #20 « P20B6
PILTER BANK NUMBER § 7
PILTER $01 = roOl1B7
FILTER #02 « r0287
FILTER $03 = rO3m7
FILTER #04 = FO4B7
FILTER #0S5 « roSs?
PILTER $06 = PO6B7
FILTER $07 = PO7B7
FILTER $08 = ross?
PILTER 409 = PO09B7
FILTER $10 = rlose?
PILTER #11 = P11B7
PILTER $12 = Fr12B7
PILTER #13 = rl1387
FILTER $#14 = PF14B7
PILTER $15 « P1SB7
FILTER $#16 =« r1687
PILTER $17 = ri17s7
FILTER §18 = rlos?
FILTER #19 = Prl1987
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PILTER §20 = r2087
...................................................... [ ]
FILTER BANK NUMBER § 8 .
------------------------------------------------------ L ]
PILTER $01 « FO1BS
PILTER #02 = r0288
PILTER $03 = r03ss
PILTER $04 = ro4B8
PILTER 405 = roSB8
PILTER $06 = ro6ms
PILTER 407 = FO7B8
PILTER $§08 = FO8BS
PILTER $§09 = ro9B8
PILTER 410 = rl0e8
PILTER #11 = r1188
PILTER §12 = P12B8
PILTER §13 = P13B8
FILTER #14 = 1488
PILTER §#15 = r1588
FILTER §16 = r1688
PILTER §17 = P17B8
PILTER 418 = r1888
PILTER $19 = F19B8
PILTER §20 = r20B8
______________________________________________________ L ]
FILTER BANK NUMBER § 9 .
PILTER §01 = rO1BS
PILTER §02 = rO02B9
PILTER $03 = r0389
FILTER §04 = FO4BY
FILTER §05 = POSBY
FILTER $06 = PO6BY
PILTER §07 = r07B9
PILTER $08 = r08B9
PILTER §09 = PO9BY
PILTER #10 = P1089
PILTER §11 = P11B9
PILTER $12 = P12B9
PILTER #13 = r13B9
PILTER #14 = P14B9
PILTER §15 = P15B9
PILTER #16 = P16B9
PILTER §17 = r1789
FPILTER §#18 = r18B9
PILTER #19 = r1989
PILTER $20 = F20B9
...................................................... *
FILTER BANK NUMBER § 10 .
...................................................... [ ]
PILTER §01 = PO1X0
FILTER $02 = P02X0
PILTER $03 « PO3X0
PILTER $04 = PO4XC
PILTER §05 = POSX0
FILTER $06 = PO6X0
FILTER §07 = FO7XO0
PILTER §08 = r08X0
PILTER $09 « POSXO
PILTER §10 = P10X0




PILTER #l1 = FrliX0
FILTER §12 = F12X0
PILTER ¢13 = r13x0
FILTER #14 = rl4x0
PILTER #15 « P15X0
FILTER #16 = P16X0
FILTER 817 = P17X0
FILTER #18 = r18X0
PILTER #19 = P19X0
FILTER #20 = r20xo0
FILTER BANK NUMBER § 11
PILTER $#01 = FOlX1
FILTER §02 = roaxl
FILTER $03 = FO3X1
FILTER §04 = FO4dxl
FILTER $05 = POSX1
PILTER $06 = FO6X1
FILTER #07 = PO7X1
FILTER #08 = ro8xl
PILTER §09 = rO9xl
FILTER #10 = F10X1
PILTER #11 « P1liX1
PILTER §12 = Fl2xl
PILTER #13 = Pl3X]
FILTER $#14 = Fldxl
FILTER #15 = P15Xx1
PILTER #16 = P16X1
PILTER 9§17 = r17x1
FILTER §18 = P18x1
FILTER 419 = F19x1
FILTER §20 « P20X1
FPILTER BANK NUMBER ¢ 12
PILTER §01 = roOl1x2
FILTER $02 « PO2X2
PILTER 4§03 = rO3x2
FILTER $04 - FO4X2
FILTER §05 = POSX2
PILTER $06 = P06X2
PILTER #07 = PFO7X2
PILTER §08 = PO8X2
PILTER $#09 = PO9X2
FILTER 410 = P10X2
FILTER #11 = P11X2
FILTER #12 = P12X2
FILTER §13 = P13X2
PILTER #14 = P1ldX2
FILTER #15 = P15X2
PILTER $16 = P16X2
FILTER $17 = P17X2
FILTER §18 = PlBX2
FILTER #19 = P19X2
FILTER #20 = P20X%2

- - - " - W > - R - - -

PILTER #01 « PO1X3
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FILTER §02 = r02X3
FILTER §03 » rOix}
PILTER $04 = r0dx3
FILTER 4§05 = rosSx3
FPILTER #06 = PO6X]
FILTER $#07 = rQ07X3
FILTER 408 = pro8x3
PILTER $#09 = FO9X3
PILTER $#10 = r10X3
PILTER §l1 = riix3
FILTER #12 = r12X3
FILTER #13 = rl3x3
PILTER §14 = P14X3
FILTER #15 « r15x3
FILTER #16 = r16X3
FILTER #17 = Pr17X3
FILTER #18 = rl8x3
FILTER $19 = rl9x3
PILTER $#20 = r20x3
FILTER BANK NUMBER § 14
FILTER $#01 « PO1X4
FILTER 402 = r02x4
FILTER 403 = rO3X4
FPILTER 304 = PFO4X4
FILTER §05 = rOSX4
FILTER 406 = PO6X4
PILTER 407 = PO7X4
FILTER 408 = roéxd
FILTER #09 = ro9x4
PILTER $10 = rl0OXx4
FILTER #11 = P1lX4
FILTER $12 = riaxd
PILTER $#13 = rlixd
PILTER $14 = Fliaxd
FILTER #15 = r15x4
PILTER §#16 = P16Xx4
PILTER §17 = P17X4
PILTER #18 = P18X4
FPILTER §19 = P19Xx4
FILTER $20 = r20x4
PILTER BANK NUMBER § 15
FILTER 401 =» rO1XS
FILTER #02 =~ PO2XS
FILTER §03 = P03XS
PILTER $04 =« ro4xs
FILTER #05 = rOSXS
FILTER §06 = rO6XS
PILTER $07 = PO7XS
FILTER $08 = PO8XS
FILTER #09 ~ PO9X5
PILTER §10 = F10X5
PILTER #11 = r1ixs
FILTER #12 = r12X$
FILTER #13 =« r13x5
PILTER #14 « F14X5
FILTER #15 « risxs
PILTER $16 =~ F16XS
FILTER #17 = P17XS
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PILTER #18 = F18XS
FILTER #19 = F19x$
PILTER $#20 = P20XS
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.00000000000000000E+00
.007344639627262952-05
.00000000000000000E+00
.495665423202126482-03
.000000000000000002+00
.000000000000000002+00
.40696165424014907e-014
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.00000000000000000E+00
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.000000000000000008+00
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.459733613550033852-06
.00000000000000000E+00
.0000000000000000CE+00
.00000000000000000E400
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.00000000000000000E+00
.00000000000000000E+00
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0.000000000000000002+00
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.00000000000000000E+00
.9999913717409%079€-01
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.000000000000000002+00
.00000000000000000£+00
.00000000000000000E+00
.9756853277482141)372-01
.00000000000000000E+00
.00000000000000000E+00
.0000000000000000024+00
.00000000000000000£400
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.00000000000000000E£+00
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.00000000000000000£+00
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.000000000000000002+00
.0000000000000000024+00
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APPENDIX F: NAECON PAPER

This appendix presents a paper submitted for the IEEE National Aerospace and Electronics Conference
(NAECON) conference on May 20, 1992 in Dayton, OH. This paper is referenced in Chapter 4. The paper
details some single-failure data. The primary contribution of the data within the paper to this thesis is the

investigation and development of the dither signals used throughout this thesis effort.




MULTIPLE MODEL ADAPTIVE ESTIMATION APPLIED TO
THE VISTA F-16 FLIGHT CONTROL SYSTEM WITH
ACTUATOR AND SENSOR FAILURES

Timothy E. Menke and Peter 3. Maybeck

Department of Electrical and Computer Engineering
Air Force Institute of Technology / ENG
Wright-Pattarson AFB, Ohio 454133

ABSTRACT

Multiplie model adaptive estimation (MMAE)
is applied to the Variable In-flight Stablility
Test Aircrafr (VISTA) F-16 flight control
system Single actuator and hard sensor
fariures are introduced and system performance
ts evaluated Performance (s enhanced by the
application of a wmodified Bayesian fors of
MMAE, scalar residual scnitoring to teduce
ambiguities, dithering wvhere advantageous, and
purposeful zuvamands.

L. lacroductiog

For wmany applications, it 1is highly
desirable to develop an aircraft flight control
system with reconfigurable capabilities: able
to detect and isclate fallures of sensors
and/or actuators and then to employ a control
algorithm that has been specifically designed
for the current failure mode status. One means
of accomplishing this, in a manner that {s
ideally sulted to distributive coaputation. is
multiple 1odel adaptive estimation (MMAE) (1-4}
and control (MMAC) [S-7}.

Assume that the atrcraft osystes (s
adequately represented by a linedr perturbation
stochastic state model, vith a (fallure status)
uncertain parameter vector affecting the
matrices defining the structure of the model or
depicting the statistics of the noises entering
1t Further assume that the parameters can
take on only discrete values: elither this {s
reasonable physically (as for many fallure
detection forsulations), or representative
discrete values are chosen throughout the
continuous range of possible values Then a
Kalman filter 1s designed for each choice of
paraseter value, resulting in a bank of K
separate "elemental® flliters. Based upon the
nbserved characteristics of the residuals in
these K filters. the conditional probabilities
of each discrete parameter value Dbeing
‘correct®, given the measurement history to
that time, are evaluated iteratively. In MMAC,
a separate set of controller gaions is
assoclated with each elesental filter in the
bank . The control value of each elemental
controller s weighted by Lts corresponding
probability, and the adaptive control f{»
produced as the probabillity weighted average of
the elemental controller outputs. As one
alternative (using maximum a posteriori, or
MAP, rather than minimum mean square error. or
MMSE., criteria for optisality), the control
value from the single elemental controller

F-2

assoclated with the highest conditional
probability can be selected as the output of the
adaptive controller.

Previous efforts {avestigated the
application of a multiple model adaptive control
algoriths to a4 short takeoff and laoding (STOL)

F-15 (8,9]). The system was modeled with four
elemental controllers designed for a healthy
alrcraft, failled pitch rate sensor, failed
stabilator, or (falled “‘pseudo-surface’ - a

combipation of canards, ailerons, and trailing
edge flaps. Coaclusions from this study
fodicated that the elemental filters wmust be
carefully tuned to avoid wmasking of °good®
versus °"bad’ models. This observation 1is oot
compatible with Loop Transmission Recovery (LTR)
tuning techniques. Other research efforts
demonstrated the effectiveness of the MMAC
algorithe using seven elemental coatrollers
designed for a healthy afrcraft, one of three
actuator fallures, or one of three sensor
faillures (10,11} . The study included effects
of wsingle and double fatlures, aod partial
fajlures as well as hard failures. It also
demonstrated the effectiveness of alternate
technlques to resolve ambiguities using modified
computational techniques and scalar residual
sonitoring.

2. MMAC and MMAL-Based Control

Let a denote the vectcr of uncertain
parameters in a given linear stochastic state
model for a dynamic system, is this case
depicting the fallure status of sensors and
actuators of the aircraft. These parameters cad
aftect the matrices defining the structure of
the model or depicting the statistics of the
nclees entering 1t In order to wmake
sisultanecus estimation of states and parameters
tractable, it i{s assuwed that & can take on
only one of K discrete representative values.
If we define the hypothesis conditional
probability py(t;) as the probability that a
assumes the value a2, (for k = 1.,2.....K).
conditioned on the observed measurement history
to time tg:

paity) = Probla=a,| Z(ts) =2;]) ()

then it can be shown (1-4] that p,(t ) can be
evaluated recursively for all &k via the
fteratlon:
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in terms of the previous values of p,(t .}, ...
. Pa(ty.y). and condittonal probablility
densities for the current measuremsent z({t;) to
be defined explicitly In Equatios (12).
Notlonally, the wmeasuresent history randoa
vector 2(t,) is wmade up of partitions
z(t,). Z(t;) that are the wmeasureasents
available at the sample times Cyr- sty
simtlarly, the reallzation z of L‘o

measuresent history vector has partitions
Zg, 25 Furtherwmore, the Bayesian multiple
model adaptive controller output ts the

probability weighted average (5-7}:

Uroact t) = EfL upl2a0t byl prit ) (1)

Here wu,(¥¢t.).t.} is a detecministic optimal
full-state toed ack control law based on the
Assumption that the parameter vector equals a,,
and %,(t,°) is the state estimate generated Ey
2 Kaﬂlan filter similarly based on the
assumption that a4 = a;,. If the parameter vere
in fact equal to . tften certainty equivalence
[9] would allow the LQG
Quadratic cost, Gaussian
stochastic control to be generated as one of
the u, (R, (t,*).t,] terms in the summation of Eq.
(3.

More explicitly, let the mode]
corresponding to a be described by an
‘equivalent discrete-time model {4,5,11) for a
continuous-time system with esampled data
scasurements:

(i) * (e t)xg{ty)
S Byt )ult) » Gx(t wg(ly)

{Linear
noise)

system,
optimal

(4)

Z{t ) = Hy(t ) xp(l) » valty) (s)

where x, is the state, u is a control lnput, w,
is discrete-time zero-mean white Gaussian
dynamics noise of covariance Qu(ty) at each t,,
Z s the wessurement vector, and v, f-
discrete-t.me zerc-mean white Gaussian
measurement ncise of covariance R (t,) at t,,
assumed independent of w,; the lmtfal -taé.
x(t,) is modeled as Caussian, with msean x,, and
covarliance Py, and ls assumed independent of w,
and v,. Bas on this model, the Kalman filter
{11] 13 specified by the measurement update:

Ag(ty) = HyCt )P (EIHT (e » Ryteg) (6)

Kelt;) = PRt I HECE A (2 ) N

Rt = £(t]) » Kyt [z - Hilt Rptt )] (g

Palt]) = Py(t]) =~ Kp(t M (L PR(t]) (D)
and the propagation reiation:
Le(tieg) ® o,(c,.‘,c,)r,(c;) e By(tuty)  (10)

Pritio)) "Ly t PO 0.t )

r (1)
¢ Gt Qx(t )Gy (ty)

The sultiple model adaptive estimation (MMAE)
algorithm is composed of a bank of K separate
Kalman flliters, each based on a particular value
y+---+dg of the parameter vector, as depicted
in Figure 1. Instead of generating a control
vector u,, the MMAE generates a probabilistic-
ally welghted state estimate vector, xg, (ty).
These state estimates are used by the fllqht
control systeam to generate the control vector
up. Such MMAE-based control is used in this
research rather than a MMAC because the
incorporation of the full VISTA F-16 flight
control syates illustrates another step toward
the maturation of the MMAC/MMAE algorithas.
When the measurement 2z; becomes avallable at
time t;, the residual vector r, is generated in
each of the K filters according to the bracketed
ters in Eq. (8), and wused to compute
Pi(ty), .. .pg(t;) via €q. (2). Each numerator
density function io (2) is given by the Gaussian
form:

1
Cocepinaiey (541024 y) * a0 WAL (e | (12)
.xp{’)
Clst-gricepadcen el ()

where » is the measurement dimension and A,(t,)
is calculated in the k-th Kalman filter as fn
EqQ. (6). The denominator in Eq. (2) is simply
the sum of all the computed numerator terms and
thus is the scale factor required to ensure that
the p(t;)’'s sum to one.

One expects the residuals of the Kalman
filter based upon the °*best® model to have sean
squared value most {n consonance with its own
computed A, (t ), vhile *mismatched® filters will
have larger residuals than anticipated through
Ap(ty). Therefore, Eqs. (2), (3). and (6) -
({2) will most heavily weight the filter based
upon the most correct assumed paramcter vajlue.
However, the petformance of the algoriths
depends oa there being significant differences
1o the characteristics of residuals in “correct®
ve. *mismatched® fllters. FEach filter should be
tuned for best performance when the ‘true®
values of the uncertalin parameters are identical
to its assumed value for these paraseters. One
should specifically avoild the “conservative®
philosophy of adding considerable dynamics
peseudonoise, often used to guard against
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divergence, since this rends to mask the
11f{ferences between good and bad models.

}. System Modeling

Aerodynamic Model . A slilx-degree-of-
freedom nonlinear aerodynamic model provided
data to generate a llnearized perturbatlon
model utilized in this study. The data base
resides within the Flight Dynamics Laboratory
at Wright-Patterson AFB, Ohio. The linearized
model includes Llncrements for pitch attitude,
pitch rate, angle of attack., velocity, roll
angle, sideslip angle, roll rate, and yaw rate.
Normal and lateral accelerations are computed.
Control effects are given by left and right
statilators, left and right flaperons, rudder
and leading edge flaps. The wodel is developed
with constant thrust.

Flight Control System._ The flight contfol
system (FCS) model is a Fortran representation
of the VISTA F-16 FCS. The model accurately
depicts the true systes by including
longitudinal, lateral, and directional
channels. Each channel provides command force
qradilents, command limiting, slgnal msagnitude
and rate limiting accomplished within the
controller software, gain scheduling, bilases,
filtering characteristics, and true surface
position and rate limiting. Seneor
measurements are corrected for position error
where applicable The flight control systes
requires seven sensor 1nputs for proper
performance {ncluding: velocity, angle of
attack, pitch rate, nnrmal acceleratlon, roll
rate, yaw rate, and lateral acceleratlon.

The development of a detailed model allovs
for a realistic evaluation of the MMAE
aigorithm The flight control systea and
jinearized aerodynamic models were valldated
separately and as a system using a six-degree-
of-freedom nonlinear sjimulation. Results
indicated excellent correlation provided that
the constraints of the linear aerodynamic
perturbation model were not violated. Given
the short convergence times typlcal for a fault
detection and Isclation algorithm, thls is npot
a restrictive constraint.

4. Algorithe Isplesestation

ux?m:.yﬂ_mum_ The parameter
space, denoted by the vector quantity a, was

descretized into twelve hypothesized hard
fatlures: left etabllator, right stabilator,
left flaperon, right flaperon, rudder., velocity
sensor, angle of attack sensor, pitch rate
sensor, normal acceleration sensor, roll rate
sensor, yav rate sensor, and the lateral
acceleration sensor. Additionally, the no-
fallure aircraft condition was f{ncluded to
provide an initlal system configuratioa prior to
failure transition. Total or °*hard® actuator
failures are wmodeled by zeroing out the
appropriate coluans of the control input satrix
B of EQ. (&) and hard sensor fallures are
sodeled by zeroing out the corresponding rows of
the measuresent matrix H of Eq. (5).

ayesjag F The final probability-
wveighted average of the state estimates,
computed as shown i{n Figure 1, is produced by a
Bayesian form of the MMAE algorithm. A Bayesian
form of the MMAE algorithm allows for a blending
of filters designed for hard failures and those
designed for no-fatlures to address partial or

soft failures. Practical implementatios
requires a lower bound when computing the
probabilities according to Eq. (2). The

addition of a lower bound prevents the algoritha
from aesigning any single p,(t;) a value of
zero, which would prevent 1& from being
considered in future probability comsputatioons.
From the iterative nature of Eq. (2), 1f py(ty.
) were assigned a value of zero for one o’ the
hlteu, subsequent probability calculations for
that filter would aleo assign a probability of
zero (l.e. py(ty) = 0). The addition of a lower
bound provides another favorable characteristic.
The number of {terations required to increase a
very small, but oaonzero, p is directly
proportional to the sagonitude of the p,. By
providing a lower bound we allow p, values,
previously not important to the coablned state
estimate, to increase 1o a timely marner {f the
systea state changes.

"Beta Dominance® . As discussed earlier in
Section 2, the hypothesis probabilities p,(t,)
are calculated according to Eq. (2)- Earlier
efforts [2,4.6,10] noted that the leading
coefficient preceding the exponential term in
Eq. (12) does not provide any useful information
in the tdentlification of the failure. As
discussed in Section 3, che likelilhood quotient,

Licty = el A rpttyy (14)

compares the residual with the hypotueslzed
filter’s internally computed residual
covariance. Filters with residuals that have
®mean square values most in consonance with their
internally computed covariance are assigned the
higher probabilities by the MMAE algorithas.
However, if the likelihood quotients were nearly
identical in wmagnitude for all Kk, the
probability computations would be based upoo the
magnitude of the determinants of the A,(t,)
matrices, resulting {n an incorrect assigoment
of the probabilities. This effect is known as
*Beta Dominance®. Because sensor fallures, as
simulated by zeroing out a row of H, yleld




smaliler Ay(ty) values, ‘beta dosinance®
produces a tendency to generate false alarms
about sensor failures.

Previous efforts removed the term preceding
the exponential in Eq. (12). Since the
denominator of £q. (2) contalns the summation
of all numerator terms. excluding the terss
preceding the exponentlials In the calculation
wf the probabilities does not alter the fact
*hat the computed probabilities sum to one.

Sca Residual Monit ng. Incorrect or
ambiguous failure identification may be
resolved through the use of scalar residual
sonitoring Eqe. (2). (12). and (13)
demonstrate the relationship of the probability
calculations, the probability density function,
and the likelthood quotient These three
equations demonstrate the dependency of the
probabllity calculations on the magnitude of
the likelihood quotient, Eq. (13). The
like!ihood quotient ls merely the sum of scalar
rerms relating the product of any two scalar

components of the residual vector and the
ftlter's internally computed covariance for
rhose “wo cosponents. 1t a sensor failure

occurs, the single scalar term assoclated
solely with that sensor should have a residual
value whose msagnitude is much larger thas the
associdted variance in all of the elesental
filters except for the fllter designed to
“look® for that sensor fallure. Scalar
restdual wmonitoring can be uysed as an
additional vote when attempting to reduce or
eliminate failure ldentification ambiguities.
Purposeful Commands. Fallure detection
and 1snlation using the MMAE algorithm requires
a stisulus to disturdb the system from a
guiescent state. The MMAE algoritha’s
performance depends upon the magnitude of the
residuals within incorrect fitlters having large
residual values. Residuals are the difference
between measurements and filter predictions of
those measuresents Incorrect filters will
provide poor estimates relative to the filtec
based on the “true® systes status ssall
deviations from a Qquiescent state will be
virtually indistinguishable from system nolse,
ptoviding poor fatlure detection and
:dentification Having justified the need for
stimuli to "shake up® the system, rationale was
developed to select stimull, control
deflections, and lmprove performance. Previous
efforts selected a pitch down maneuver to aid
tn the ident1fication process for tLhe
iongitudinal axis of an ajtrcraft with generally
favorable results {14} Hewever, fundamental
differences exi8t between earlier research and
*his effort Earlier efforts concentrated on
applying the MMAC algorithm, evaluating {ts
performance,  and  designing algorithms to
maintain stability and control in the
longitudinal axis A longitudinal pitch down
maneuver was sufficient to provide enough
system excitation for good perforsance. A
three-axis sophisticated control systes
requires excitation in multiple axes to provide
adequate regidual growth in filters whose
hypcthesis does not reflect the true systea
failure status. The purposeful commands used
in this effort were longitudinal stick pulls,
lateral stick pulses, and varying amounts of
rudder appiication. ordinary aircraft

maneuvering would probably bes wmore than
sufficient to provide adequate excitation and
good performance; straight-and-level flight
would be more challenging (though less flight
critical) for a failure detection systeas.
Aytonomoug Dithering. Autonomous dithering
enhances failure detectlion and tdentification by
providing sufficient excitation i{n benign non-
maneuvering flight conditicns or as a pllot-
selectable option. A number of dither asignale
were evaluated. including square waves, triangle
waves, comblnations of these forms, and siloe
waves. Pulse trains using a square wave form
produced good performance with one drawback,
faillures are not detected untll the applicatioan
of the pulse. Additionally, pilots may find the
application of a dither signal of sufficient
strength to provide good failure detection and
{solation objectionable, unless he were able to
turn such dithering oa and off himself
Sufficient data was not available to relate
pilot comments and norsal and lateral
accelerations in this application, so dithers
were designed to be as subliminal as possible

wvhile yielding desired I(dentifiability of
fatlures.
S. performance

The application of the weultiple model
adaptive est!imation algorithas to the VISTA F-16
aircraft in a low dynasic pressure case provided
an interesting test for this technique. The
flight condition, 0.4 Mach at an altitude of
20000 ft., demonstrated algorithes performance lo
a low dynamic pressure scenarlo. Earlier
efforts studied the VISTA F-16 at a higher
dynamic pressure and esphasized different
failure scenarios and characteristics [15); the
case of low dynamic pressure yields a wore
difficult identification problem. The original
goal was to evaluate the MMAE algoritha’s
abllity to detect and isolate failures within
the flight control system and not to evajluate
the ability of the controller to majatais
control of the vehicle after the identification
of the failure. An added benefit of using the
VISTA F-16 flight control system was the absence
of any single-fatlure-induced loss of control.
The figures presented in this section are single
data runs as opposed to Monte Carlo ruas
averaged over a number of runs, in order to
exhibit real-time signal characteristice (Monte
Carlo runs vere used to corroborate performsnce
attributes over sultiple experimental trials)

Purposeful Commands  Flgure 2 demonstrates
a left stabilator fatlure induced at 3.0
seconds. A square wave dither signal occurs in
all three channels every 3 0 seconds beginning
at 0 seconds. The pulse widths and magnitudes
were different for each channel and vwere
determined by trial and error. 1ypical pulse
cycles, the application of a pulse of positive
asplitude followed by the application of a pulse
of negative amplitude, wvere usually
approximately 0 .25 seconds. Figure 2 presents
perforsance data after a failure at 3.0 seconds
and the application of a longitudinal stick pull
for a duration of 3.0 seconds, starting at 3.0
seconds. it displays only the no-failure and
failed actuator elemental filter probabilities;
the falled-sensor elemental fllters never
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attained any appreciable portion of the total
probability. The FF. Al, A2, A}, A4, and AS
deslignations are the fully functional (no
fatlure), left stabilator, right stabilator,

left flaperon, right flaperon, and rudder
elemental filters, respectively. For the left
stabilator fatlure with a simultaneous

purposeful coamand of 10 lbe aft stick, the
algorithm exhibits a lag time of approximately
0.2 seconds prior to positive failure
identification. A small spike ls evident in
the right stabllator elemental filter during
the detection and decision period.
Occasionally., ambiguities arise between the
left and right stabilator for small periods of
time during a stabilator failure (purposeful
roll rates could be used to 1isolate which
stabilator failed, once the algorithm detects
that one of the stabilators has failed). Since
the left and right stabilatore provide pitch
control and augment the roll channel, the
identification task 1Is significantly wmore
difficult than that of an actuator dedicated to
a single channel task. If the aircraft has a
toll angle, the surface pos:itions of the left
and right actuator may not be the same. If one
of the surface positions is smaller than the
other, failing one surface may produce a
different system response fros failing the
other. The result may provide different
probability convergence phencsena. The
solution is usually to lncrease the purposeful

F-6

coasand or dither signal to & level sufficient
to produce proper system excitation. However,
if the dither command is too large, a pllot may
object to normal or lateral acceleratlions that
result fros coamands which he 414 not initlate.
A large purposeful or dither coasand may reduce
the algoritha performance by inducing large
transients. The Kalsan filter gaine within each
of the elemental filteres are designed for steady
state perforsance. The systes state variables
will require a longer settling time ae larger
amplitude transients are produced. Increased
stick activity can produce the same effect.

Figure 3 lllustrates a left flaperos
fallure induced at 3.0 seconds. In this failure
scesario, a rudder application of 45 lbe for a
duration of 3.0 seconds combined with a
loagitudtinal and lateral stick pulse demonstrate
algorithm performsance. The flaperons are
control surfaces which do not produce
stgnificant changes {n state parameters in a
short period of time. In this case, the failure
detection (s identifled in approximately 0.2
seconds. Thereafter, the algorithm atteapts to
declare a fully functional alrcraft, and flnally
0.6 seconds later, positively identifles that
failure as a falled left flaperon. During the
0.6 second interval wvhen the left flaperon is
not selected, four (filters share the total
probability, iacluding: fully functional, left
flapeton, right flaperon, and the pitch rate
sensor (not shown). If a lateral stick coamand
is introduced from ) sec to 6 sec of the
simulation, the probabllity remains at the fully
functional filter wuntil approximately 3.8
seconds. At that tise, the probabtiity is
transferred directly and entirely to the left
flaperon and remains there for the duration of
the run.

Figure 4 shows the performance of the
algorithm for a rudder failure induced at 3.0
seconds. Control applications are given by a 45
lb rudder kick and hold for a duration of 3.0
seconds, and a longitudinal and lateral stick
pulse. Results demonstrate a 0.2 second lag
between the {induction of the failure and
positive identification by the proper elemental
filter. The “drop out® of the probability
during 3.6 to }.8 second interval ie gained by
the yaw rate sensor elesmental fllter (not
shown) .

Figure S depicts the elemental filter
probabilities for the seven elemental filters
that aseume falled sensors. A piltch rate
faijlure is Induced at 3.0 aseconds while
simultanecusly applying a longitudinal coamand
of 10 lbs aft stick. The labels S1, S2, S3, sS4,
§5, S6, and S7 are the sensor designations for
the velocity, angle of attack, pitch rate,
normal acceleration, roll rate, yaw rate, and
lateral acceleration elemental filters,
respectively. In this scenario, the probability
is transferred directly fros the fully
functional filter (not shown) to the pltch rate
sensor filter, S), at the time of “he fallure.
The lag to failure detection and identification
in this case (s less than 0 2 seconds. Sensor
failures are usually identified quickly due to
the direct relationship between the variadble the
sensor wmeasures and the residual calculation
upon which the probabilities are based.

In general, purposeful commands aid ia the
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identification process and often enhance
performance. However, perliode of large
amplitude or high frequency stick activity can
cause ambiguities and delay the ideatificatlioo
proceas. Each axis must be stimulated by a
control input to achieve good perforsance.
Typical flight control maneuvers should be wore
than sufficlent to provide the level of
excitation necessary to achieve acceptabdle
algoritha performance. Dither signals
optimited to provide good tallure detection and
tdentification characteristices can provide the
best algorithm perforsance, when used to
augment typical saneuver inputs (i.e., dither
is added to a particular channel if the input
commpands do not excite that channel).
dentificat a n

conditions, For flight conditione -ﬁr. Eltt?c

control activity is present, flight safety can
be matintained through the use of autonomous
dithering signals, or pulses. As previously
described in this section, a dither signal ls
appiied to each axis every ). 0 seconds. Dither
signal amplitudes and frequencies were
artificially limited to produce no more than
*/~ 0 05 g’'s norsal acceleration and +/- 0.1
g’'s lateral acceleration. These restrictione
were developed to allow a dither system to run
in the °background®" during the flight phase,
providing failure detection capability in
benign flight conditions. The dither was
temporarily disabled when a pillot command wae
induced in that channel. Dither commands in
channels without a pilot command vere executed.

Filgure & 1illustrates a left flaperon
failure induced at 3.0 seconds. In this case,
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the failure i detected initially but not locked
until approximately 4.9 seconds. The °misesing’
probability was picked up by the yav rate filter
and the lateral acceleration filter (not shown).
In this scenario, perforsance could be enhanced
by lacreasing the pulse asplitude of the dither
signal. Figure 7 doubled the rudder pulse
amplitude. The correct failure vas identified
ia approximately 0.16 secounds. The lateral
acceleration vas approximately 0.2 g's, probably
too large to be undetected by a pllot. While
this dither smay be unacceptable as a
*background® dither, it is perfectly acceptabdle
as a failure identification test. If a pillot
believed a fatlure extsted but could not
identify the failure, he would select this
optton.

Figure 8 displays a rudder fallure induced
at 3.0 seconds. The dither signal was not large
enough to affect immediate identification. The
correct failure ls identified after a delay of
approximately 2.2 seconds. The angle of attack,
pitch rate, norsal acceleration, roll rate, and
yav rate sensor all cootain some portion of the
probabllity throughout the 8-second rua. This
suggests insufficient excitation to provide good
algorithm performance. Figure 9 increases the
asplitude of the rudder dither pulse. 1Ian this
case, the rudder failure is identified after a
delay of approximately 0.1 second. The notch in
the probablility at approximately 6.0 seconds is
due to the application of another dither pulse.
This pulse shakes up the system to enhance
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identifiabillty. However, the Yalman filtere
wvere designed using steady state gains. After
the application of the dither pulses, the
system returns to a steady state condition and
again the rudder is identified as the correct
fatlure.

Residyal Characteristics. Figure 10
iliustrates residual characteristics for a left

stabilator failure. Figure 10 ts the velocity
residual for the elemental filter assuming a
left stabilator has falled. The velocity
residual was selected for display since it
provides clear indications that a fallure has
occurred. In this scenario, a constantly
applied sine wave dither signal was developed
using the normal and lateral acceleration
criteria discussed earlier. The frequency of
the dither was approximately 2.8 Hz Prior to
the induction of the failure, the residual
violated the 2 sigma bounda (+/- 0.0058
ft/sec), appeared time correlated rather than
white, and the residual frequency matched the
dither frequency. The 2 sigma bound is based
on the left stabilator elemental fllter‘s
internally computed variance for the velocity
residual. This behavior clearly Indicates that
the hypothesis of a falled left stabllator {e
Iincorrect for the firet ) sec. of the
simulation. After the declaration of a left
stabilator fallure at 3.0 seconds, the velocity
residual appears more white and moves within
the 2 sigma bounds; note, however, that it
takes about a second for the apparent residusl

Agurs . Residad Ohar
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blas to reduce to & neqgligible value. Scalar
residual monitoring provides positive evidence
of a failure. This additional voter is useful
in the reduction of ambiguities in actuator
fatlures. For actuator failures, iaitlal
results indicate that the velocity, normal
acceleration, yaw rate, and lateral acceleration
residuals provide the best indicatioos of a
fatlure.

6. Summary

A multiple wmodel adaptive estisation
algoritha with one fully functional, five
falled-actuator and seven failed-sensor
elemental filters illustrates the algoritha’s
perforassoce wvhen applied to a VISTA F-16 flight
coptrol systes using a linearized aerodynamic
model. A modified Bayestan approach allows for
a blending of state estimates and provides lower
bouads to enhance algorithm convergence
properties. Compensation for °Beta Dominance®
enhances algoritha performance by not allowing
the term preceding the exponentiation in Eq.
(12) to enter into the calculations. This ters
blases the calculation of the probabilities
toward the filter whose A (t;) matrices have the
smallest determinants. Scalar residual
monitoring aids in resolving ambiguities by
demonstrating residual characteristics
coosistent with a true failure.

The algoritha demonstrates good convergence
characteristice during purposeful commands and

dither signals. Optimizing the dither to
improve algorithm performance is effective.
Howvever, large dither seignals canbnot be

considered sublimisal and wmay be considered
objectionable by a pilot. allowing him to turn
the dither on and off may be wmore useful
practically.
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